US  Army  Corps 
of  Engineers® 

Engineer  Research  and 
Development  Center 


Detailed  Fuel  Cell  Demonstration  Site 
Summary  Report 

Naval  Hospital  at  Marine  Corps  Air  Ground  Combat  Center  -  Twentynine  Palms 

J.  Michael  Torrey,  John  F.  Westerman,  William  R.  Taylor,  June  2006 

Franklin  H.  Holcomb,  and  Joseph  Bush 


XXO 


CD  ^ 
£=  O 

^  2 
LU  O 

O 


o 


o 


-i-j  CD 
(/)  0 
C  (/) 
O  0 

o  cr 


Approved  for  public  release;  distribution  is  unlimited. 


ERDC/CERL  TR-06-17 
June  2006 


Detailed  Fuel  Cell  Demonstration  Site  Summary 
Report 

Naval  Hospital  at  Marine  Corps  Air  Ground  Combat  Center  -  Twentynine  Palms 

William  R.  Taylor,  Franklin  H.  Holcomb,  and  Joseph  Bush 
Construction  Engineering  Research  Laboratory  (CERL) 

U.S.  Army  Engineer  Research  and  Deveiopment  Center 
2902  Newmark  Dr. 

Champaign,  IL  61824 

J.  Michael  Torrey  and  John  F.  Westerman 

Science  Appiications  Internationai  Corporation  (SAIC) 

San  Diego,  CA 


Final  Report 


Prepared  for  U.S.  Army  Corps  of  Engineers 
Washington,  DC  20314-1000 


Under  Work  Unit  33143 


ERDC/CERL  TR-06-17 


Abstract;  Fuel  cells  are  an  environmentally  clean,  quiet,  and  a  highly 
efficient  method  for  generating  electricity  and  heat  from  natural  gas  and  other 
fuels.  In  fiscal  year  1993  (FY93),  the  Engineer  Research  and  Development 
Center,  Construction  Engineering  Research  Laboratory  (ERDC-CERL)  was 
assigned  the  mission  of  managing  the  DOD  Euel  Cell  Demonstration 
Program.  Specific  tasks  included  developing  turnkey  PAEC  packages,  devising 
site  criteria,  screening  candidate  DOD  installation  sites  based  on  selection 
criteria,  evaluating  viable  applications  at  each  candidate  site,  coordinating 
fuel  cell  site  designs,  installation  and  acceptance  of  the  PAEC  power  plants, 
and  performance  monitoring  and  reporting. 

CERL  selected  and  evaluated  30  application  sites,  supervised  the  design  and 
installation  of  fuel  cells,  actively  monitored  the  operation  and  maintenance  of 
fuel  cells,  and  compiled  “lessons  learned”  for  feedback  to  fuel  cell 
manufacturers.  At  the  conclusion  of  the  demonstration  period,  each  of  the 
demonstration  fuel  cell  sites  was  given  the  choice  to  either  have  the  fuel  cell 
removed  or  to  keep  the  fuel  cell  power  plant.  This  report  presents  a  detailed 
review  of  a  200  kW  fuel  cell  installed  at  the  Marine  Corps  Air  Ground  Combat 
Center  (MCAGCC)  -  Twentynine  Palms  and  operated  between  June  1995  and 
May  2000. 


DISCLAIMER:  The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or  promotional  purposes.  Citation 
of  trade  names  does  not  constitute  an  official  endorsement  or  approval  of  the  use  of  such  commercial  products.  All  product 
names  and  trademarks  cited  are  the  property  of  their  respective  owners.  The  findings  of  this  report  are  not  to  be  construed  as 
an  official  Department  of  the  Army  position  unless  so  designated  by  other  authorized  documents. 

DESTROY  THIS  REPORT  WHEN  NO  LONGER  NEEDED.  DO  NOT  RETURN  IT  TO  THE  ORIGINATOR. 
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Preface 

In  fiscal  years  93  and  94,  Congress  provided  funds  for  natural  gas  utilization 
equipment,  part  of  which  was  specifically  designated  for  procurement  of 
natural  gas  fuel  cells  for  power  generation  at  military  installations.  The  pur¬ 
chase,  installation,  and  ongoing  monitoring  of  30  fuel  cells  provided  by  these 
appropriations  has  come  to  be  known  as  the  “DOD  Fuel  Cell  Demonstration 
Program.”  Additional  funding  was  provided  by:  the  Office  of  the  Deputy  Un¬ 
der  Secretary  of  Defense  for  Industrial  Affairs  &  Installations,  ODUSD 
(IA&I)/HE&E;  the  Strategic  Environmental  Research  &  Development  Pro¬ 
gram  (SERDP);  the  Assistant  Chief  of  Staff  for  Installation  Management 
(ACSIM);  the  U.S.  Army  Center  for  Public  Works  (CPW);  the  Naval  Eacilities 
Engineering  Service  Center  (NEESC);  and  Headquarters  (HQ),  Air  Eorce  Civil 
Engineer  Support  Agency  (AECESA). 

The  work  was  performed  by  the  Energy  Branch  (CE-E),  of  the  Eacilities  Divi¬ 
sion  (CE),  Construction  Engineering  Research  Laboratory  (CERL).  The  CERL 
Principal  Investigator  was  Eranklin  H.  Holcomb.  Part  of  this  work  was  done 
by  Science  Applications  International  Corporation  (SAIC)  under  General  Ser¬ 
vices  Administration  (GSA)  contract  No.  5TS5703C166.  J.  Michael  Torrey  and 
John  E.  Westerman  are  associated  with  SAIC.  Dr.  Thomas  Hartranft  is  Chief, 
CEERD-CE-E,  and  L.  Michael  Golish  is  Chief,  CEERD-CE.  The  associated 
Technical  Director  was  Dr.  Paul  A.  Howdyshell,  CEERD-CVT.  The  Director  of 
CERL  is  Dr.  Ilker  R.  Adiguzel. 

CERL  is  an  element  of  the  U.S.  Army  Engineer  Research  and  Development 
Center  (ERDC),  U.S.  Army  Corps  of  Engineers.  The  Commander  and  Execu¬ 
tive  Director  of  ERDC  is  COL  James  R.  Rowan,  and  the  Director  of  ERDC  is 
Dr.  James  R.  Houston. 
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1  Introduction 

1.1  Background 

In  fiscal  year  1993  (FY93),  the  U.S.  Congress  appropriated  $18  million  to  ad¬ 
vance  the  use  of  phosphoric  acid  fuel  cells  (PAFCs)  at  Department  of  Defense 
(DOD)  installations.  An  additional  $18.75  million  was  appropriated  in  FY94 
to  expand  the  program.  The  Engineer  Research  and  Development  Center, 
Construction  Engineering  Research  Laboratory  (ERDC-CERL)  was  assigned 
the  mission  of  managing  the  DOD  Enel  Cell  Demonstration  Program.  Specific 
tasks  included  developing  turnkey  PAEC  packages,  devising  site  criteria, 
screening  candidate  DOD  installation  sites  based  on  selection  criteria,  evalu¬ 
ating  viable  applications  at  each  candidate  site,  coordinating  fuel  cell  site  de¬ 
signs,  installation  and  acceptance  of  the  PAEC  power  plants,  and  performance 
monitoring  and  reporting. 

Thirty  DOD  fuel  cell  sites  were  selected  based  on  the  following  criteria: 

1.  Geographic  diversity 

2.  Application  diversity 

3.  Enel  cell  utilization  at  site 

4.  Energy  cost  savings. 

The  first  two  criteria  are  related  more  to  overall  program  goals;  the  last  are 
typical  criteria  for  most  fuel  cell  evaluations.  It  was  important  for  the  DOD 
Enel  Cell  Program  sites  to  represent  a  cross  section  of  both  “base”  (including 
climate)  and  “building”  applications.  It  was  also  important  to  identify  applica¬ 
tions  where  a  high  percentage  of  the  fuel  cell  thermal  and  electrical  output 
could  be  used  at  the  site  to  demonstrate  the  greatest  possible  benefits. 

Energy  savings  were  less  important  in  this  Program  than  is  typical  with  com¬ 
mercial  applications  since  fuel  cells  purchased  by  the  DOD  were  given  to  the 
Program  sites.  The  economic  criteria  for  each  application  was  to  generate  at 
least  $25,000  per  year  in  energy  savings,  which  would  essentially  cover  an¬ 
nual  maintenance  costs.  This  would  enable  the  fuel  cell  to  pay  for  itself  once 
the  responsibility  for  maintenance  was  turned  over  to  the  base  (after  ap¬ 
proximately  5  years). 
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The  program  followed  a  consistent  approach  for  selecting  sites,  designing  and 

reviewing  installation  plans,  installing  and  maintaining  the  fuel  cells,  collect¬ 
ing  fuel  cell  performance  data  and  project  decommissioning.  This  involved: 

1.  Preliminary  Screening.  Base  energy  data  from  the  Defense  Energy  Infor¬ 
mation  System  (DEIS)  was  used  to  rank  DOD  sites  by  utility  rates  and  po¬ 
tential  fuel  cell  energy  savings.  DOD  base  personnel  were  contacted  to 
identify  their  interest  in  hosting  a  fuel  cell  demonstration  unit  and  to  iden¬ 
tify  a  preliminary  list  of  potential  building  applications.  The  Navy  and  Air 
Eorce  provided  an  initial  list  of  candidate  sites  for  consideration. 

2.  Site  Visits.  ERDC-CERL  and  Science  Applications  International  Corpora¬ 
tion  (SAIC)  representatives  visited  each  base,  evaluated  potential  fuel  cell 
application  sites  and  discussed  possibilities  with  site  personnel.  Energy 
consumption  and  rates,  hours  of  operation,  availability  of  space,  etc.  and 
other  information  was  collected  during  the  site  visit. 

3.  Site  Evaluation  Reports.  SAIC  prepared  a  site  evaluation  report*  docu¬ 
menting  site  information,  presenting  conceptual  fuel  cell  installation 
plans,  estimation  of  electrical  and  thermal  energy  savings,  and  projected 
fuel  cell  energy  savings.  Based  on  the  viability  of  the  proposed  fuel  cell  ap¬ 
plication,  the  base  was  accepted  as  a  program  site. 

4.  Kick-off  Meetings.  ERDC-CERL,  SAIC,  United  Technologies  Corp.  (UTC) 
Euel  Cells  (formerly  ONSI  Corp.  and  International  Euel  Cells)  and  site  per¬ 
sonnel  met  to  review  the  site  evaluation  report,  discuss  relevant  issues, 
schedules,  and  any  other  concerns.  UTC  Euel  Cells  collected  site  data  for 
use  in  preparing  the  detailed  site  installation  drawings. 

5.  Design  Review  Meetings.  Detailed  design  drawings  were  submitted  by 
UTC  Euel  Cells  for  review  by  ERDC-CERL,  SAIC,  and  site  personnel.  Spe¬ 
cific  issues  related  to  the  design  were  discussed  and  UTC  Euel  Cells  would 
incorporate  changes  to  the  drawings  based  on  the  input  received. 

6.  Acceptance  Tests.  Installation  of  the  fuel  cells  was  the  responsibility  of 
UTC  Euel  Cells.  After  the  fuel  cell  installation  was  completed,  a  series  of 
tests  were  performed  to  validate  fuel  cell  performance.  Upon  successful 
completion,  the  fuel  cell  was  turned  over  to  the  base,  but  operation  and 
maintenance  remained  the  responsibility  of  UTC  Euel  Cells  for  approxi¬ 
mately  5  years.  Appendix  A  includes  a  copy  of  the  acceptance  test  report. 

7.  Dedication  Ceremonies.  Many  of  the  fuel  cell  sites  held  a  fuel  cell  dedica¬ 
tion  ceremony  as  part  of  their  program  participation.  Often,  dignitaries 
such  as  Generals  and  State  Governors  were  in  attendance. 


*  Michael  J.  Binder,  Franklin  H.  Holcomb,  and  William  R.  Taylor,  ERDC/CERL  Technical  Report  (TR)  01-32/ 
ADA389308,  paa.  Site  Evaluation  for  Application  of  Fuel  Cell  Technology:  Naval  Hospital— Marine  Corps  Air 
Ground  Combat  Center  Twentynine  Palms,  CA  (ERDC-CERL,  Champaign,  IL,  March  2001) 
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8.  Fuel  Cell  Operations.  The  fuel  cells  operated  for  3  to  5  years.  UTC  Fuel 
Cells  was  responsible  for  maintenance  of  the  power  plant  as  well  as  collec¬ 
tion  of  fuel  cell  performance  data. 

5.  Fuel  Cell  Deeommissioning .  At  the  conclusion  of  the  demonstration  pe¬ 
riod,  UTC  Fuel  Cells  was  responsible  for  removing  the  fuel  cell  and  return¬ 
ing  the  site  to  the  its  condition  before  to  the  fuel  cell  installation.  Each  of 
the  FY93  fuel  cell  sites,  including  MCAGCC  Twentynine  Palms,  was  given 
the  opportunity  to  keep  the  fuel  cell  power  plant  at  the  end  of  the  demon¬ 
stration  and  take  responsibility  for  all  costs  and  issues  related  to  opera¬ 
tion,  performance  and  decommissioning. 

This  report  presents  a  detailed  review  of  a  200  kW  fuel  cell  installed  at  the 
Marine  Corps  Air  Ground  Combat  Center  (MCAGCC)  -  Twentynine  Palms. 
The  base  is  located  in  Twentynine  Palms,  CA,  approximately  150  miles  east  of 
Los  Angeles.  The  fuel  cell  was  installed  at  the  Naval  Hospital  as  part  of  the 
DOD  Fuel  Cell  Demonstration  Program.  The  fuel  cell  operated  between  June 
1995  and  May  2000.  This  report  also  reflects  follow-up  investigation  of  oper¬ 
ating  information  accomplished  after  2001. 

1.2  Objective 

The  overall  objective  of  the  Fuel  Cell  Demonstration  Program  was  to: 

•  demonstrate  fuel  cell  capabilities  in  real-world  situations 

•  stimulate  growth  and  economies  of  scale  in  the  fuel  cell  industry 

•  determine  the  role  of  fuel  cells  in  DOD’s  long-term  energy  strategy. 

This  specific  objective  of  this  part  of  the  program  was  to  give  a  detailed  review 
of  the  PAFC  fuel  cell  demonstration  at  the  Marine  Corps  Air  Ground  Combat 
Center  (MCAGCC)  -  Twentynine  Palms,  CA. 

1.3  Approach 

The  review  process  involved: 

1.  Collecting  data  from  the  Fuel  Cell  Demonstration  Project  at  MCAGCC 

2.  Analyzing  the  data  in  terms  of  the  technology’s  capabilities,  performance, 
and  potential  for  a  continuing  role  in  the  DOD’s  long-term  energy  strategy 

3.  Compiling  lessons  learned  from  the  demonstration  experience 

4.  Making  recommendations  for  continued/improved  use  of  the  technology 
at  DOD  installation. 
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1.4  Mode  of  Technology  Transfer 

Results  of  this  work  will  be  forwarded  directly  to  the  funding  sponsor  and  to 
the  participating  installation.  This  report  will  be  made  publicly  accessible 
through  the  World  Wide  Web  (WWW)  at  URL: 

http://www.cecer.armv.mil 

http://www.dodfuelcell.com 
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2  Project  Overview 

This  chapter  reviews  the  timeline  of  events  and  the  project  participants  in¬ 
volved  in  the  fuel  cell  demonstration  unit  for  the  Naval  Hospital  at  Marine 
Corps  Air  Ground  Combat  Center  -  Twentynine  Palms. 

2.1  Project  Timeline 

The  first  formal  activity  related  to  the  fuel  cell  demonstration  unit  at  the  Na¬ 
val  Hospital  was  a  site  evaluation  meeting  held  in  December  1993.  Between 
20  June  1995  and  20  May  2000,  the  fuel  cell  operated  for  21,889  hours  and 
generated  more  than  3,500  MWh  of  electricity.  The  fuel  cell  had  its  last  forced 
outage  on  20  May  2000  and  the  fuel  cell  was  removed  in  February  2001.  (No 
fuel  cell  was  in  operation  during  this  time.)  Table  1  lists  the  major  events  and 
milestones  for  this  fuel  cell  demonstration  unit.  Chapter  4  of  this  report  gives 
a  more  detailed  analysis  of  the  fuel  cell  operation  and  performance  history. 


Table  1.  Time  line  of  major  events  and  milestones  for  the  fuel  cell  at  the  MCAGG 

Naval  Hospital. 


Date 

Event 

8-9  December 

1993 

Site  evaluation  meeting  held  at  Twentynine  Palms 

8  March 

1994 

Site  evaluation  report  submitted  by  SAIC 

18  March 

1994 

Twentynine  Palms  selected  as  demonstration  site 

3  May 

1994 

Project  kick-off  Meeting  held  at  Twentynine  Palms 

16  January 

1995 

Draft  design  drawings  submitted  by  UTC  Fuel  Cells 

14  February 

1995 

Fuel  cell  design  review  completed  by  SAIC 

27  February 

1995 

ONSI  submits  revised  drawings 

2  March 

1995 

Fuel  cell  design  review  meeting  held  at  Twentynine  Palms 

3  March 

1995 

Base  authorizes  commencement  of  site  construction 

13  March 

1995 

Start  of  construction 

16-21  June 

1995 

Acceptance  testing  performed 

23  June 

1995 

Acceptance  Test  Meeting;  Form  DD250  signed  by  Twentynine  Palms 

26  July 

1995 

1,000  hours  of  operation  milestone 

9  August 

1995 

Fuel  Cell  Dedication  Ceremony 

14  January 

1996 

Fuel  cell  shut  down  due  to  fleet-wide  water  issues 

28  March 

1996 

Install  new  fuel  cell  stack 

7  August 

1996 

SAIC  monitoring  system  installed 

9  August 

1996 

Reverse  osmosis  system  installed;  fuel  cell  restarted 
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14  July 

1996 

5,000  hours  of  operation  milestone 

10  March 

1997 

10,000  hours  of  operation  milestone 

30  January 

1998 

15,000  hours  of  operation  milestone 

11  May 

1998 

Replace  heat  exchangers 

1  October 

1999 

20,000  hours  of  operation  milestone 

20  May 

2000 

Fuel  cell  shut  down  for  final  time 

6  July 

2000 

Base  requests  to  have  fuel  cell  removed 

February 

2001 

Fuel  cell  removed 

The  time  between  the  initial  site  evaluation  meeting  and  the  fuel  cell  accep¬ 
tance  test  time  was  approximately  i8  months.  It  took  approximately  3V2 
months  to  install  the  fuel  cell  following  acceptance  of  the  installation  design. 
UTC  Fuel  Cells  was  responsible  for  the  installation  of  all  30  fuel  cells  installed 
as  part  of  this  program.  GBC  Electrical  Services  installed  the  fuel  cell  as  a  sub¬ 
contractor  to  UTC  Fuel  Cells. 

2.2  Project  Participants 

The  successful  demonstration  of  this  fuel  cell  unit  required  the  efforts  of  sev¬ 
eral  organizations  and  individuals: 

•  ERDC-CERL  had  overall  responsibility  for  the  DOD  Fuel  Cell  Demonstra¬ 
tion  Program  unit  installed  at  the  Naval  Hospital.  ERDC-CERL  was  re¬ 
sponsible  for  contracting  with  the  fuel  cell  manufacturer,  identifying  all 
sites,  managing  all  site  evaluations,  and  overseeing  all  design,  installation, 
operation,  and  maintenance  activities. 

•  UTC  Fuel  Cells  manufactured  the  PC25B  and  PC25C  fuel  cells  used  at  the 
bases.  They  were  responsible  for  manufacturing  the  fuel  cell  as  well  as  the 
detailed  design  drawings,  fuel  cell  installation,  operation/maintenance 
and,  if  necessary,  fuel  cell  removal. 

•  SAIC  was  responsible  for  evaluating  potential  building  applications  at 
each  site,  developing  fuel  cell  conceptual  designs,  performing  a  prelimi¬ 
nary  economic  analysis  and  submitting  the  site  evaluation  report  for  re¬ 
view  by  all  parties.  In  addition,  SAIC  was  involved  in  the  detailed  design 
reviews  and  participating  in  the  design  review  meetings.  For  this  demon¬ 
stration  unit,  SAIC  also  conducted  independent  performance  monitoring 
of  the  fuel  cell. 

•  GBC  Eleetrieal  Serviees  was  the  installation  contractor  for  this  fuel  cell.  In 
addition,  they  performed  the  maintenance  on  the  fuel  cell  and  were  in¬ 
volved  in  its  removal. 
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•  The  Naval  Hospital  was  directly  involved  in  the  review  and  approval  of  the 
fuel  cell  project  as  well  as  coordination  of  maintenance  activities  with  GBC 
Electrical  Services. 

•  MCAGCC  personnel  provided  review  and  approval  for  various  aspects  of 
the  project  including  fire  and  utilities  interfaces. 

Table  2  lists  the  individuals  involved  in  this  demonstration  project  at  the  Na¬ 
val  Hospital. 


Table  2.  Principal  project  participants  at  MCAGCC  Twentynine  Palms. 


Organization 

Name 

Project  Roie 

ERDC-CERL 

Dr.  Michaei  Binder 

Frank  Hoicomb 
Wiiiiam  Tayior 

Geraid  Cier 

Manager,  Fuei  Ceii  Demonstration  Program 
Fuei  Ceii  Project  Manager 

Fuei  Ceii  Project  Manager 

Fuei  Ceii  Project  Manager 

UTC  Fuei  Ceiis 

Joseph  Staniunis 
Dougias  Young 
Thomas  Pompa 

Instaiiation  Designer 

Technicai  Representative 
Instaiiation/Maintenance  Coordinator 

Science  Appiications  Int’i 

Corp. 

Gerry  Merten 

Mike  Torrey 

Principai  Technicai  Manager 

Project  Manager 

Navai  Hospitai 

Tiffany  Monaco 
Patrick  Dougherty 
C.J.  Chitwood 

Navai  Hospitai  Point  of  Contact 

MCAGCC  Utiiities  Engineer 

Navai  Hospitai 

MCAGCC  Twentynine  Paims 

Howard  DeVore 

Stuart  Hammons 

Luke  Wren 

Base  Pubiic  Works 

Utiiities  Engineer 

Faciiities  Management 

GBC  Eiectricai  Services 

George  Coiiard 

Ray  Aseiin 

Instaiiation/Maintenance  Contractor 
Eiectrician 

Appendix  B  lists  the  attendees  lists  for  the  Site  Evaluation,  Kick-off,  Design 
Review,  and  Acceptance  Testing  meetings.  No  attendees  list  was  created  for 
the  Dedication  Ceremony. 

2.3  Naval  Hospital  Interviews 

Personnel  from  the  Naval  Hospital  at  Twentynine  Palms  were  contacted  to 
discuss  their  overall  experience  with  the  fuel  cell  demonstration.  The  original 
point  of  contact  person,  Ms.  Tiffany  Monaco,  was  involved  with  the  project 
from  the  initial  site  evaluation  through  the  early  part  of  the  fuel  cell’s  opera¬ 
tion.  Since  Ms.  Monaco  was  not  available  for  an  interview,  Mr.  Patrick 
Dougherty,  who  took  over  as  site  point  of  contact,  agreed  to  be  interviewed. 


Mr.  Dougherty  was  responsible  for  facilities  maintenance  at  the  Naval  Hospi¬ 
tal.  He  was  involved  with  the  fuel  cell  demonstration  from  its  inception  and 
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attended  the  site  evaluation  meeting  back  in  December  1993.  Mr.  Dougherty 
expressed  his  approval  of  the  fuel  cell  technology,  but  stated  that  he  “wished 
that  it  operated  more  than  it  did.”  His  view  of  the  technology  is  generally 
positive  and  he  is  open  to  participating  in  another  fuel  cell  demonstration, 
should  the  opportunity  present  itself. 

The  facility  personnel  conducted  an  analysis  of  costs  associated  with  contin¬ 
ued  operation  of  the  fuel  cell,  including  replacement  of  the  cell  stack.  The  re¬ 
sults  of  the  analysis  revealed  that  it  would  not  be  economically  viable  to  con¬ 
tinue  to  operate  the  fuel  cell  at  the  Naval  Hospital.  As  a  result,  the  Naval 
Hospital  requested  that  the  fuel  cell  be  removed  from  the  equipment  pad  fol¬ 
lowing  the  demonstration  period.  Figure  1  shows  the  fuel  cell  installation. 
Figure  2  shows  the  fenced  area  where  the  fuel  cell  had  been  installed.  The  tall 
tank  at  the  back  left  corner  was  for  storing  fuel  cell  thermal  output.  The  area 
is  now  used  for  storage  of  miscellaneous  items. 


Figure  1.  Fuel  cell  installation. 
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Figure  2,  Fuel  cell  site  after  removal. 


ERDC/CERL  TR-06-17 


10 


3  Fuel  Cell  Design  and  Installation 

This  Chapter  reviews  the  basic  fuel  cell  design  and  installation  procedures 
used  for  the  Naval  Hospital  fuel  cell  at  Twentynine  Palms. 

3.1  Fuel  Cell  Building  Application 

The  Naval  Hospital  building  opened  in  early  1993,  the  same  year  that  the  site 
evaluation  meeting  was  held.  The  hospital  is  a  190,000  sq  ft  facility  with  39 
patient  beds  and  various  specialty  clinic  facilities.  The  facility  operates  24 
hours  per  day.  In  addition  to  the  hospital,  a  barracks  was  considered  as  a  pos¬ 
sible  candidate  site  for  the  fuel  cell.  However,  the  barracks  was  eliminated 
from  further  consideration  because  it  was  scheduled  to  be  torn  down  within  a 
couple  of  years.  ERDC-CERL  TR  01-32  provides  more  details  about  the  site 
evaluation. 

3.2  Conceptual  Installation  Design 

Based  on  the  initial  site  evaluation  meeting  in  December  1995,  a  preliminary 
conceptual  design  for  the  fuel  cell  installation  was  prepared.  Eigure  3  shows 
the  layout  of  the  hospital  mechanical/electrical  rooms,  an  outdoor  equipment 
yard  and  an  open  space  area  between  them. 

The  fuel  cell  was  originally  proposed  to  be  located  adjacent  to  the  outdoor 
equipment  yard  that  contained  cooling  towers,  an  electrical  room,  and  three 
1,000  kW  backup  generators.  Because  the  open  space  between  the  equipment 
yard  and  the  hospital  building  had  a  5  to  10  percent  grade,  locating  the  fuel 
cell  next  to  the  mechanical  rooms  was  deemed  problematic.  Subsequently, 
aesthetic  and  practical  issues  were  resolved  and  the  fuel  cell  was  sited  next  to 
the  mechanical  rooms.  This  new  location  provided  closer  proximity  to  both 
the  natural  gas  and  thermal  interface  locations. 

The  main  natural  gas  line  enters  the  building  just  outside  the  boiler  room.  The 
gas  line  would  to  be  tapped  into  and  run  over  the  to  fuel  cell  pad  (approxi¬ 
mately  50  ft). 

The  fuel  cell  electrical  interface  was  originally  to  be  tied  into  the  low  voltage 
side  of  the  i2,ooo/48oV  transformers  located  in  the  equipment  yard.  Once 
the  fuel  cell  location  was  moved,  the  point  of  electrical  interface  was  moved  to 
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the  electrical  panels  located  inside  the  hospital  building.  A  dedicated  load 
would  later  be  identified  for  connecting  to  the  grid-independent  output  inter¬ 
face  of  the  fuel  cell. 

The  thermal  interface  was  to  tie  into  the  domestic  hot  water  (DHW)  system  at 
the  hospital.  Figure  4  shows  the  proposed  fuel  cell  thermal  interface  where 
water  is  pulled  from  the  make-up  line,  heated  up  in  the  fuel  cell,  and  then  sent 
back  to  the  DHW  steam  heaters.  The  tank  size  was  reduced  to  1,000  gal  for 
the  actual  installation.  The  thermal  piping  distance  was  estimated  at  ap¬ 
proximately  35  ft. 
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Figure  3.  Original  conceptual  fuel  cell  location  and  interfaces  (later  changed). 


Figure  4,  Original  conceptual  fuel  cell  thermal  interface. 
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3.3  Detailed  Design  Drawings 

UTC  Fuel  Cells  submitted  an  original  set  of  design  drawings  on  i6  January 
1995.  The  drawings  were  reviewed  by  base  personnel,  ERDC-CERL  and  SAIC. 
New  drawings  were  made  for  the  design  review  meeting  held  on  2  March  1995 
at  the  Naval  Hospital.  Appendix  B  includes  the  attendees  list. 

The  following  drawings  were  submitted: 

S-i;  Eoundation  Layout  Plan 

S-2;  Eoundation  Layout  Plan  /  Side  View  A-A 

ME-i;  Site  Layout  Plan  with  Mechanical  &  Electrical  Routing 

M-i:  Heat  Recovery  Piping  &  Instrumentation 

M-2;  Mechanical  Piping  Details 

E-i;  Electrical  Wiring  Diagram 

E-2;  Electrical  Interface  Details 

E-3;  Electrical  Details 

The  most  significant  changes  from  the  initial  conceptual  design  involved  mov¬ 
ing  the  fuel  cell  from  the  equipment  yard  to  a  location  with  closer  proximity  to 
the  mechanical  building,  reducing  the  size  of  the  storage  tank  from  5,000  to 
1,000  gal  and  adding  a  grid-independent  interface  with  the  hospital. 

Reviewers  submitted  comments  based  on  the  initial  drawings.  Appendix  C 
includes  copies  of  these  comments.  Table  3  lists  the  changes  made  to  the  de¬ 
tailed  site  drawings,  both  before  and  after  the  design  review  meeting.  Eigures 
5  through  12  show  the  final  installation  drawings. 


Table  3.  List  of  changes  to  design  drawings  based  on  comments. 


Drawing 

Changes 

S-1 

1.  Equipment  positioning  adjustments  made  including  nitrogen  tank  rack  to  back 
side  of  pad. 

2.  Fence  lengthened  1  ft.  to  52  ft. 

3.  Full  concrete  pad  within  fence. 

4.  Add  drainage  accommodations  at  building  end  of  pad. 

S-2 

1.  Equipment  position  adjustments. 

ME-1 

1.  DHW  interface  piping  size  changed  from  2”  to  3.” 

2.  Rerouted  high  pressure  gas  line  up  to  fuel  cell  pad  where  low  pressure  regulator 
would  be  installed. 

3.  Phone  line  conduit  added  to  drawing. 

4.  Typographical  error  corrected:  gas  pipe  is  3,”  not  3’. 

5.  Equipment  position  adjustments  as  on  S-1. 

6.  Spare  conduit  added  (emergency  power  cord). 

7.  Building  wall  penetrations  noted. 
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Drawing 

Changes 

8.  Disconnect  labels  changed  (reversed  GC  &  Gl). 

M-1 

1.  Noted  added  that  contractor  would  Inspect  water  make-up  line  to  Insure  that  po¬ 
table  water  system  Is  Isolated  from  city  water  system  by  an  approved  backflow 
prevention  device  In  the  existing  system. 

2.  Typographical  error  corrected:  water  tank  diameter  4  ft,  not  4  In. 

3.  Mixing  valves  labeled. 

4.  Closed  valves  Illustrated 

M-2 

No  changes. 

E-1 

1.  Grounding  Illustration  changed  to  correspond  to  E-3  drawing. 

E-2 

No  Changes 

E-3 

1.  Ground  grid  updated. 
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Figure  6.  Final  installation  drawing  -  electrical  interface  details, 
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sensna  bulb,  and  cast  iron  frane.  F'oj  capacity  ^o^t  A  to 
B;  31.1.  Po*t  A  ;o  C;  25.0  (or  equivalent). 

Range  15  F  -  30  F  for  105  F  setsoint. 
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Figure  8.  Final  installation  drawing  -  heat  recovery  piping  and 

instrumentation. 
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Figure  9,  Final  installation  drawing  -  mechanical  piping  details. 
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Nitrccen  cylinders 


Figure  lO.  Final  installation  drawing  -  layout  plan  with  mechanical  and 

electrical  routing. 
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Figure  12.  Final  installation  drawing  -  foundation  layout  plan  side  view. 
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4  Fuel  Cell  Performance 

This  Chapter  summarizes  fuel  cell  operating  performance,  outage  history,  and 
maintenance  activities. 

4.1  Operating  History 

The  fuel  cell  started  operation  in  mid-June  of  1995.  Acceptance  tests  were 
performed  between  16  and  21  June.  Appendix  A  includes  the  Acceptance  Test 
Report.  Official  data  recording  for  the  demonstration  began  on  20  June.  The 
formal  acceptance  test  meeting  was  held  a  few  days  later  on  23  June,  with  title 
to  the  fuel  cell  transferred  to  the  Naval  Hospital  using  Form  DD250.  The 
power  plant  continued  to  operate  (for  912  hours  of  continuous  operation)  un¬ 
til  an  event  on  28  July  1995.  A  total  of  36  power  plant  shut  downs  were  re¬ 
corded  between  20  June  1995  with  the  final  shut  down  occurring  on  26  May 
2000.  There  were  33  forced  outages  and  3  scheduled  outages. 

Performance  data  was  collected  via  UTC  Fuel  Cells’  RADAR  data  acquisition 
system.  Using  a  modem  and  telephone  line,  the  power  plant  was  called  rou¬ 
tinely  to  retrieve  a  “snapshot”  of  the  current  status.  Included  in  the  metrics 
collected  were  cumulative  totals  for  hot  time,  load  time,  MWHrs,  input  fuel, 
thermal  output,  etc.  These  data  records  were  then  used  to  generate  the  vari¬ 
ous  performance  parameters  discussed  in  this  report. 

A  total  of  21,890  operating  load  hours  were  recorded  for  the  Naval  Hospital 
fuel  cell.  Of  the  36  separate  operating  periods,  eight  of  them  had  continuous 
fuel  cell  operating  hours  of  more  than  1,000  hours.  The  longest  continuous 
operating  period  was  2,069  hours  (-12  weeks)  and  occurred  between  9  Au¬ 
gust  and  3  November  1996.  Table  4  lists  the  distribution  of  continuous  peri¬ 
ods  of  operation  for  this  fuel  cell. 

Figure  13  shows  the  hours  of  operation  and  outages  on  a  monthly  basis  for  the 
entire  demonstration  period.  Between  20  June  1995  and  20  May  2000 
(43,094  hours),  the  fuel  cell  operated  a  total  of  21,890  hours,  which  repre¬ 
sents  an  availability  of  50.8  percent. 
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Table  4.  Distribution  of  continuous  hours  of  operation. 


Hours  of  Operation 

Occurrences 

Over  3,000  hours 

0 

2,001  -  3,000  hours 

1 

1,001  -  2,000  hours 

7 

751  -  1,000  hours 

5 

501  -  750  hours 

5 

250  -  500  hours 

4 

Less  than  250  hours 

14 

Month-Year 

□  Op  Hours  ■  Out  Hours 


Figure  13.  Fuel  cell  operating  hours  by  month. 

The  fuel  cell  generated  over  3.5  million  kWh  of  electricity  for  the  Naval  Hospi¬ 
tal  during  the  demonstration  period.  The  data  listed  in  Table  5  summarize 
annual  fuel  cell  electrical  performance  at  the  Naval  Hospital.  The  average 
electrical  output  of  the  fuel  cell  during  operation  was  161  kW  over  the  5+  year 
period.  The  data  shows  that  the  average  annual  rate  of  electrical  output  from 
the  fuel  cell  through  1997  was  175  kW  and  decreased  to  an  average  low  of  123 
kW  in  1999. 
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Table  5.  Fuel  cell  electrical  performance  characteristics. 


Year 

Operating  Hours 

MWhrs 

Avg.  kW 

1995 

3,705 

633.8 

171 

1996 

4,836 

838.8 

173 

1997 

5,970 

1,071.5 

179 

1998 

1,989 

315.8 

159 

1999 

4,253 

521.7 

123 

2000 

1,136 

140.8 

124 

Total/Avg. 

21,890 

3,522.4 

161 

The  average  rate  of  heat  recovered  and  used  by  the  Naval  Hospital  “thermal 
utilization”  was  only  a  fraction  of  the  fuel  cell’s  700,000  Btu/hour  capacity. 
The  site  only  used  an  average  of  40,750  Btu/hour  (<6  percent  utilization). 
The  data  indicates  that  no  heat  was  recovered  in  2000.  The  level  of  heat  re¬ 
covery  is  important  in  that  heat  recovered  from  the  fuel  cell  offsets  the  quan¬ 
tity  of  heat  that  must  be  produced  (i.e.,  reduces  natural  gas  consumption)  by 
conventional  heating  systems  at  the  facility  thereby  creating  additional  cost 
savings  attributable  to  the  fuel  cell.  Table  6  lists  thermal  output  performance 
as  well  as  natural  gas  consumption  characteristics  for  the  fuel  cell.  The  fuel 
cell  consumed  natural  gas  at  an  average  rate  of  1,664.3  cu  ft  per  hour  during 
the  course  of  the  demonstration.  The  rate  of  natural  gas  consumption  is  fairly 
linear  with  the  electric  output  at  10.5  cu  ft/kW.  The  thermal  efficiency  com¬ 
ponent  for  the  heat  recovered  from  the  fuel  cell  added  approximately  2.38 
percent  to  overall  efficiency  of  the  fuel  cell. 


Table  6.  Fuel  cell  input  fuel  and  thermal  output  characteristics. 


Year 

Input  Fuel 
(cu  ft) 

Input  Fuel 
(cu  ft/hr) 

Thermal  Heat 
Recovery 
(therms) 

Avg.  Rate  of 
Thermal  Heat 
Recovery 
(kBtu/hr.) 

Fuel  Ceil  Thermal 
Efficiency 
(HHV)  %* 

1995 

6,488,973.3 

1,751.3 

2,146.4 

57.9 

3.21 

1996 

8,339,251.1 

1,724.3 

3,118.1 

64.5 

3.63 

1997 

11,093,926.4 

1,858.2 

3,251.1 

54.5 

2.85 

1998 

3,419,098.2 

1,718.7 

226.2 

11.2 

0.63 

1999 

5,577,173.3 

1,311.3 

182.1 

4.3 

0.32 

2000 

1,514,140.0 

1,333.1 

0 

0 

0.00 

Total/Avg. 

36,432,562.3 

1,664.3 

8,923.9 

40.8 

2.38 

*  Higher  Heating  Value  (HHV)  is  based  on  a  natural  gas  heating  value  of  1,030  Btu/cubic  foot. 

Table  7  lists  the  fuel  cell  electrical  efficiency  based  on  higher  heating  value 
(HHV)  for  each  year  of  operation.  The  average  electrical  efficiency  for  the 
demonstration  was  32.0  percent  (HHV). 
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Table  7.  Fuel  eell  electric  efficiency. 


Year 

MWhrs 

Input  Fuel 
(cu  ft) 

Electrical 
Efficiency 
(HHV)-  %* 

1995 

633.8 

6,488,973.3 

32.4 

1996 

838.8 

8,339,251.1 

33.3 

1997 

1,071.5 

11,093,926.4 

32.0 

1998 

315.8 

3,419,098.2 

30.6 

1999 

521.7 

5,577,173.3 

31.0 

2000 

140.8 

1,514,140.0 

30.8 

Total/Avg. 

3,522.4 

36,432,562.3 

32.0 

*  Higher  Heating  Value  (HHV)  is  based  on  a  natural  gas  heating 
value  of  1,030  Btu/cubic  foot,  calculated  as: 

Efficiency  =  ((MWhrs  x  1,000,000  Watt-hrs/MWhrs  x  3.413 
Btu/Watt)  /  (cu  ft  X  1,030  Btu/cubic  foot))  x  100 

4.2  Fuel  Cell  Outage  Summary 

Between  20  June  1995  and  20  May  2000  (43,094  hours),  the  fuel  cell  had  36 
outages  resulting  in  21,204  hours  of  downtime.  The  fuel  cell’s  availability  was 
50.8  percent: 

50.8%  =  ((43,094  -  21,204)  /  (43,094))  X 100 

The  outages  were  identified  from  the  RADAR  performance  monitoring  system 
data.  Because  data  records  are  collected  on  average  once  per  day,  outage 
times  occasionally  had  to  be  interpolated.  Sometimes  the  modem  did  not  re¬ 
spond  or  the  phone  line  was  down,  which  prevented  a  full  complement  of  data 
records. 

The  longest  outage  was  for  3,937  hours  and  occurred  between  4  July  and  15 
December  1998.  The  next  longest  outage  period  occurred  between  10  Decem¬ 
ber  1999  and  3  April  2000  (2,746  hours).  Table  8  lists  the  distribution  of  out¬ 
age  periods  by  hours  of  outage  duration. 

Table  9  lists  the  start  and  end  dates/times  (chronologically),  the  outage  dura¬ 
tion  hours,  and  the  outage  type  for  the  36  individual  events.  Appendix  D  in¬ 
cludes  the  complete  list  of  outage  codes  for  the  PC25B  fuel  cell. 
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Table  8.  Distribution  of  non-operational  hours  by  duration. 


Outage  Hours 

Occurrences 

Over  3,000  hrs 

1 

2,001  -  3,000  hrs 

2 

1,001  -  2,000  hrs 

1 

751  -  1,000  hrs 

1 

501  -  750  hrs 

0 

250  -  500  hrs 

10 

Less  than  250  hrs 

27 

Table  9.  List  of  fuel  eell  outage  periods. 


No. 

Off  Date  Stamp 

On  Date  Stamp 

Total 

Outage  Hrs 

Hours  to  Next 
Outage 

Type 

System 

Part 

6/20/95 

15:51 

912.00 

1 

7/28/95 

15:51 

7/28/95 

16:24 

0.55 

823.10 

F 

APS 

FT140 

2 

8/31/95 

23:30 

9/3/95 

11:34 

60.07 

597.35 

F 

TMS 

TCV400 

3 

9/28/95 

08:55 

11/2/95 

09:11 

840.27 

1753.15 

F 

TMS 

PMP400 

4 

1/14/96 

10:20 

4/17/96 

14:02 

2,259.70 

173.85 

F 

OTR 

SBSTK 

5 

4/24/96 

19:53 

5/4/96 

18:40 

238.78 

15.55 

F 

CVS 

CV500 

6 

5/5/96 

10:13 

6/14/96 

13:20 

963.12 

5.00 

F 

ES 

MCBOOl 

7 

6/14/96 

18:20 

6/18/96 

22:55 

100.58 

968.08 

F 

ES 

MCB002 

8 

7/29/96 

07:00 

8/9/96 

15:30 

272.50 

2068.70 

N 

9 

11/3/96 

20:12 

11/6/96 

10:19 

62.12 

693.02 

F 

TMS 

FS400 

10 

12/5/96 

07:20 

12/7/96 

10:50 

51.50 

947.87 

F 

OTR 

11 

1/15/97 

22:42 

1/28/97 

20:30 

309.80 

247.67 

F 

OTR 

CRB 

12 

2/8/97 

04:10 

2/8/97 

17:55 

13.75 

723.98 

F 

OTR 

CRB 

13 

3/10/97 

21:54 

3/11/97 

18:05 

20.18 

531.25 

F 

OTR 

14 

4/2/97 

21:20 

4/3/97 

20:01 

22.68 

1235.48 

F 

OTR 

15 

5/25/97 

07:30 

6/5/97 

23:25 

279.92 

659.68 

F 

FPS 

16 

7/3/97 

11:06 

7/22/97 

18:36 

463.50 

65.68 

F 

TMS 

FT140 

17 

7/25/97 

12:17 

7/26/97 

14:44 

26.45 

135.53 

N 

18 

8/1/97 

06:16 

8/13/97 

16:56 

298.67 

120.07 

F 

OTR 

PC 

19 

8/18/97 

17:00 

8/22/97 

13:08 

92.13 

160.20 

F 

OTR 

KOOl 

20 

8/29/97 

05:20 

9/30/97 

19:28 

782.13 

1603.53 

F 

ES 

UPSOOl 

21 

12/6/97 

15:00 

12/26/97 

14:27 

479.45 

300.85 

F 

OTR 

K002 

22 

1/8/98 

03:18 

1/23/98 

13:50 

370.53 

851.75 

F 

OTR 

FCV012 

23 

2/28/98 

01:35 

3/26/98 

17:20 

639.75 

12.18 

F 

OTR 

24 

3/27/98 

05:31 

4/18/98 

11:50 

534.32 

137.00 

F 

ES 

UPSOOl 

25 

4/24/98 

04:50 

5/11/98 

19:00 

422.17 

17.32 

F 

ES 

MCB003 

26 

5/12/98 

12:19 

6/16/98 

16:32 

844.22 

429.87 

F 

OTR 

CSA 

27 

7/4/98 

14:24 

12/15/98 

16:05 

3,937.68 

1626.92 

N 

TMS 

28 

2/21/99 

11:00 

4/6/99 

21:00 

1,066.00 

1008.33 

F 

OTR 

GRND 
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Table  9.  List  of  fuel  eell  outage  periods. 


No. 

Off  Date  Stamp 

On  Date  Stamp 

Total 

Outage  Mrs 

Hours  to  Next 
Outage 

Type 

System 

Part 

29 

5/18/99  21:20 

5/20/99 

16:30 

43.17 

349.83 

F 

APS 

FT140 

30 

6/4/99  06:20 

8/20/99 

13:48 

1,855.47 

122.18 

F 

OTR 

31 

8/25/99  15:59 

9/2/99 

12:08 

188.15 

8.58 

F 

APS 

FT140 

32 

9/2/99  20:43 

9/3/99 

17:12 

20.48 

1018.30 

F 

APS 

FILIOO 

33 

10/16/9903:30 

11/1/99 

19:31 

400.02 

149.02 

F 

WTS 

34 

11/8/99  00:32 

11/23/99 

13:06 

372.57 

408.60 

F 

OTR 

INV 

35 

12/10/9913:42 

4/3/00 

00:00 

2,746.30 

1134.00 

F 

TMS 

FS400 

36 

5/20/00  06:00 

Final  Outage 

F 

PSS 

VT310 

Thirty-three  of  the  outages  were  classified  as  “forced  outages,”  which  contrib¬ 
uted  to  a  total  of  16,420  hours  of  down  time.  Forced  outages  are  broadly  clas¬ 
sified  by  the  major  fuel  cell  sub-systems  listed  in  Table  10. 


Table  10. 

Forced  outage  categories. 

Category 

Description 

PSS 

Power  section  system 

APS 

Air  processing  system 

CVS 

Cabinet  ventilation  system 

ES 

Electrical  system 

EPS 

Fuel  processing  system 

OTR 

Other 

TMS 

Thermal  management  system 

WTS 

Water  treatment  system 

Table  11  lists  the  forced  outages  by  major  system  categories. 


Table  11.  Forced  outage  statistics. 


Category 

Number  of 

Occurrences 

Total 

Outage 

Time 

Min.  Outage 
Time  per 
Occurrences 

Max.  Outage 
Time  per 
Occurrences 

Avg.  Outage 
Time  per 
Occurrence 

APS 

4 

252.4 

0.6 

188.2 

63.1 

CVS 

1 

238.8 

238.8 

238.8 

238.8 

ES 

5 

2,802.3 

100.6 

963.1 

560.5 

FPS 

1 

279.9 

279.9 

279.9 

279.9 

OTR 

14 

7,852.2 

13.8 

2,259.7 

560.9 

PSS* 

1 

0.0 

- 

- 

- 

TMS 

6 

4,594.4 

60.1 

2,746.3 

765.7 

WTS 

1 

400.0 

400.0 

400.0 

400.0 

33 

16,420 

497.6 

*Final  outage  (no  time  associated) 
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Fourteen  of  the  thirty-three  (42  percent)  forced  outages  were  classified  as 
Other.  The  most  frequent  number  of  outages  in  the  Other  category  were  at¬ 
tributed  to  circuit  breakers  (CRB).  In  addition,  circuit  breakers  Kooi  and 
K002  were  attributed  to  571.6  hours  of  total  outages.  The  longest  outage  in 
the  Other  category  was  2,259.7  hours  (between  January  and  April  1996)  due 
to  a  problem  with  the  cell  stack.  This  occurred  early  on  in  the  demonstration 
with  4,174  load  hours  on  the  fuel  cell.  At  this  time  the  cell  stack  was  replaced. 
In  July  1996,  an  external  reverse  osmosis  water  treatment  unit  was  installed 
to  address  hard  water  problems  that  were  having  adverse  affects  on  the  fuel 
cell  operation.  Similar  characteristics  were  also  observed  in  other  fuel  cells 
installed  in  the  southwestern  region  of  the  country,  including  Camp  Pendle¬ 
ton,  Edwards  AFB,  Davis-Monthan  AFB,  and  Fort  Huachuca.  After  significant 
analysis  by  UTC  Fuel  Cells,  it  was  concluded  that  the  hard  water  characteris¬ 
tics  of  the  water  supply  was  contributing  to  restrictions  and  blockages  in  the 
cooling  system,  which  subsequently  caused  some  of  the  fuel  cell  stacks  to 
overheat  and  fail.  Hard  water  is  water  that  contains  a  high  level  of  dissolved 
minerals,  most  notably  calcium  and  magnesium.  The  degree  of  hardness  in¬ 
creases  with  increased  levels  of  calcium  and  magnesium.  When  hard  water  is 
heated,  the  dissolved  minerals  precipitate  out  of  solution  and  attaches  to 
plumbing  and  heat  exchangers.  To  control  the  water  chemistry  of  these  sys¬ 
tems,  water  treatment  systems  were  installed. 

The  fewest  number  of  forced  outages  by  major  system  type  (one  occurrence 
each)  were  for  the  cabinet  ventilation,  fuel  processing,  and  power  section  sys¬ 
tems.  The  outage  associated  with  the  power  section  system  was  the  final  out¬ 
age,  which  was  not  resolved. 


Figure  14  shows  a  graph  of  forced  outage  occurrences. 
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Frequency  of  Forced  Outages  by  Major  System  Type 


Major  System  Category 

Figure  14.  Forced  outage  occurrences  by  major  system  types. 

Figure  15  shows  the  average  duration  of  forced  outage  hours  by  major  system 
category.  The  Thermal  Management  System  (TMS)  had  the  longest  average 
duration  at  765.7  hours  per  outage.  The  TMS  accounted  for  6  outages  and  a 
total  of  4,594.4  hours.  The  shortest  TMS  outage  was  60.1  hours  (temperature 
control  valve:  TCV400)  and  the  longest  outage  was  2,746.3  hours  (flow 
switch:  FS400). 


Average  Duration  of  Forced  Outages  by  Major  System  Type 


Major  System  Category  *  forced  outage  that  was  never  resolved 

Figure  15.  Average  forced  outage  durations  by  major  system  types. 

The  outages  that  occurred  most  frequently  for  a  specific  fuel  cell  component 
were  the  motorized  circuit  breakers  (MCB)  and  the  air  flow  transmitter 
(FT140).  During  the  demonstration,  each  of  the  three  MCBs  failed  and  ac¬ 
counted  for  a  total  of  1,485.9  hours  of  fuel  cell  outage.  In  addition,  FT140  at¬ 
tributed  to  three  forced  outages  for  a  combined  duration  of  695.4  hours. 
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These  data  show  that  forced  outages  have  a  significant  impact  on  the  avail¬ 
ability  of  the  fuel  cell.  The  shortest  outage  lasted  for  0.55  hours,  and  five  out¬ 
ages  lasted  less  than  24  hours.  Of  nine  total  outages  with  durations  over  30 
days,  three  lasted  more  than  90  days.  Figure  16  shows  the  distribution  of  out¬ 
ages  by  their  duration. 


Duration  of  Outages 


days 


Figure  16.  Number  of  forced  outages  by  outage  duration. 

Figure  17  shows  the  total  hours  of  forced  outage  based  on  the  major  system 
category  with  the  OTR  at  48  percent  and  TMS  at  28  percent. 


Forced  Outages  by  Major  Equipment  Category 


WTS  =  400.0  hours 
2% 

PSS*  =  Final  Outage  not 
Resolved 


Total  Hours  of  Forced  Outages  =  16,420.0 


1% 


5  never  resolved 


Figure  17.  Total  forced  outage  bours  by  major  system  types. 
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4.3  Fuel  Cell  Stack  Degradation 

The  trend  of  the  fuel  cell  electrical  efficiency  based  on  the  lower  heating  value 
(LHV)  of  natural  gas  was  analyzed  based  on  the  hours  of  fuel  cell  operation. 
The  data  was  acquired  through  the  UTC  Fuel  Cells’  RADAR  system.  Data  re¬ 
cords  are  for  fuel  cell  operation  when  the  electrical  output  was  greater  than  50 
kW  in  order  to  eliminate  data  from  fuel  cell  testing  and  startup  operation. 
Note  that  the  data  records  were  not  recorded  on  regular  intervals  and  3,126 
data  points  were  used  for  this  analysis.  Figure  18  charts  the  individual  data 
points  with  hours  of  operation  in  an  X-Y  plot.  For  this  data  set,  the  average 
LHV  electrical  efficiency  is  36.0  percent. 


50.0 

45.0 

40.0 

35.0 

30.0 

25.0 

0  5,000  10,000  15,000  20,000  25,000 

Load  Time  (Hours) 


Twentynine  Palms 

T rending  of  Electrical  Efficiency  with  Hours  of  Operation 


♦ 


^ 


*  Electrical  Efficiency  Data 


Electrical  Efficiency  Regression 


Figure  18.  Fuel  cell  stack  electrical  efficiency  degradation  over  time. 


A  linear  regression  was  conducted  on  the  data  to  characterize  average  effi¬ 
ciency  trends  for  the  fuel  cell.  The  regression  equation  is: 

Electric  Efficiency  %  (LHV)  =  ((Load  Hours)  x  (-1.42574  x  lo-i))  +  37.54944 


The  linear  curve  fit  shows  a  trend  of  reduction  in  electrical  efficiency  with  in¬ 
creasing  hours  of  operation.  Table  12  lists  the  resulting  efficiencies  at  5,000 
load  hour  intervals. 
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Table  12.  Trend  of  electrical  efficiency  with  fuel  cell  load  hours. 


Load  Hours 

Electrical  Efficiency 
LHV  (%) 

0 

37.55 

5,000 

36.84 

10,000 

36.12 

15,000 

35.41 

20,000 

34.70 

25,000 

33.99 

The  data  in  Table  12  show  that  the  fuel  cell  electrical  efficiency  decreased  1.42 
basis  points  for  every  10,000  hours  of  operation.  The  regression  shows  that 
the  average  initial  electrical  efficiency  of  the  fuel  cell  was  approximately  37.55 
percent  and  it  decreased  at  a  rate  of  approximately  3.9  percent  per  10,000 
hours  of  operation.  For  example,  the  average  decrease  between  10,000  hours 
(36.12  percent)  and  20,000  hours  (34.70  percent)  is: 

3-9%  =  ((36.12%  -  34-70%)  /  36.12%) 

The  R  Square  statistic  for  the  above  regression  is  0.21.  This  means  that  21 
percent  of  the  variation  seen  in  the  trend  of  electrical  efficiency  can  be  attrib¬ 
uted  to  load  hours.  Thus  other  factors  in  the  system  significantly  affect  the 
changes  observed  in  electrical  efficiency.  The  efficiency  data  shown  in  Figure 
10  indicate  that  there  are  sub-trends  in  electrical  efficiency  within  the  life  of 
the  fuel  cell’s  operation.  Figure  19  shows  the  outages  and  identification  of  ma¬ 
jor  system  changes.  Each  of  the  36  outages  is  represented  as  a  circle  on  the  40 
percent  efficiency  line.  The  figure  identifies  five  major  system  changes  that 
correspond  to  establishing  a  distinct  electrical  efficiency  trend.  The  number 
identifier  presented  for  the  change  corresponds  to  the  outage  number  as 
listed  in  Table  9.  The  most  significant  changes  were  the  installation  of  a  new 
cell  stack  (#4),  the  installation  of  an  external  reverse  osmosis  (RO)  water 
treatment  system  (#8),  and  the  installation  of  a  new  fuel  valve  (#15).  The  six 
operational  regions  in  Figure  11  were  analyzed  to  determine  the  electrical  effi¬ 
ciency  trend  by  major  system  change.  The  trend  in  efficiency  for  each  region 
was  determined  by  a  linear  regression  and  the  slope  is  reported  in  terms  of 
percent  change  per  10,000  hours  of  operation.  Note  that  the  unit  of  percent 
change  per  10,000  is  presented  for  consistency  and  none  of  the  regions  evalu¬ 
ated  consists  of  10,000  hours  of  data.  Table  13  lists  the  dates,  fuel  cell  load 
hours,  system  changes  and  electric  efficiency  trends  for  each  of  the  time 
frames. 
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Figure  ig.  Electric  efficiency  trends  with  major  system  changes. 


Table  13.  Major  system  changes  and  electrical  efficiency  trends. 


Range 

Date 

Fuel  Cell  Load  hrs 

at  End  of  Period 

Change  to  System 
at  Start  of  Period 

Slope 

(%/ 10000  hrs) 

A 

6/20/95 

-  4/17/96 

4,174 

Initial  System 

No  Trend 

B 

4/17/96 

-  8/9/96 

5,350 

Install  new  cell  stack 

-1.8% 

C 

8/9/96 

-  11/6/96 

7,420 

Install  RO  water  treatment 

12.7% 

D 

11/6/96 

-  6/5/97 

11,782 

Repair  coolant  flow  leak  in  TMS 

-23.4% 

E 

6/5/97 

-  12/15/98 

16,262 

Install  new  fuel  valve 

No  Trend 

F 

12/15/98 

-  5/20/00 

22,033 

Install  new  heat  exchangers 

-4.6% 

Ranges  A  and  E  do  not  have  a  distinct  electrical  efficiency  trend  over  the  en¬ 
tire  region  and  no  major  system  changes  occurred  within  the  time  range.  The 
system  changes  that  occurred  around  15,000  hours  in  region  E  were  mostly 
electrical  system  replacements  including  the  UPS,  circuit  breakers,  and  a  mo¬ 
torized  circuit  breaker.  The  average  electrical  efficiency  in  region  B  (37.4  per¬ 
cent),  after  the  installation  of  the  new  cell  stack,  is  greater  than  the  average 
electrical  efficiency  in  range  A  (36.6  percent).  The  trend  in  electrical  efficiency 
in  region  C  is  an  increase  in  efficiency  over  the  range  indicating  that  the  in¬ 
stallation  of  the  external  RO  water  treatment  system  had  a  positive  impact  on 
fuel  cell  performance  by  reducing  and  avoiding  scaling  within  the  thermal 
management  system.  Range  D  shows  a  strong  decreasing  trend  of  electrical 
efficiency  after  the  repair  of  a  coolant  flow  leak.  It  is  not  anticipated  that  this 
would  result  in  an  accelerated  decrease  in  efficiency.  The  malfunctioning  fuel 
valve  that  was  replaced  at  outage  #15  could  possibly  explain  the  trend.  The 
trend  in  region  E  shows  an  anticipated  gradual  decrease  in  efficiency  as  the 
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hours  of  operation  are  increasing.  Overall,  with  the  data  available  it  is  difficult 
to  make  a  definitive  conclusion  with  respect  to  the  trend  of  electrical  effi¬ 
ciency  with  load  hours. 

The  trend  of  the  fuel  cell  stack  cell  voltage  was  analyzed  based  on  the  hours  of 
fuel  cell  operation.  The  data  is  based  on  the  same  readings  acquired  through 
the  UTC  Fuel  Cells’  RADAR  system  as  the  electrical  efficiency  presented 
above.  The  individual  data  points  are  plotted  with  hours  of  operation  in  an  X- 
Y  plot  (Figure  20).  The  average  cell  voltage  for  the  data  is  0.633  volts. 


Figure  20.  Fuel  cell  stack  cell  voltage  degradation  over  time. 


A  linear  regression  was  conducted  on  the  data  to  characterize  average  cell 
voltage  trends  for  the  fuel  cell.  The  resulting  equation  is: 

Cell  Volts  =  ((Load  Hours)  x  (-2.1071  x  10  *))  +  0.656387  Eq.  1 

The  regression  shows  a  reduction  in  cell  voltage  with  increased  hours  of  op¬ 
eration.  Table  14  lists  the  resulting  cell  voltages  at  5,000  load  hour  intervals. 
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Table  14.  Trend  of  cell  voltage  with  fuel  cell  load  hours. 


Load  Hours 

Cell  Voltage 

0 

0.656 

5000 

0.646 

10,000 

0.653 

15,000 

0.625 

20,000 

0.614 

25,00 

0.604 

The  fuel  cell’s  cell  voltage  decreased  at  a  rate  of  0.021  volts  per  10,000  hours 
of  operation.  The  linear  curve  fit  shows  that  the  initial  cell  voltage  was  ap¬ 
proximately  0.656  volts  and  that  it  decreased  at  an  average  rate  of  3.3  percent 
per  10,000  hours  of  operation.  For  example,  the  average  decrease  between 
10,000  hours  (0.635)  and  20,000  hours  (0.614)  is: 

3.3%  =  ((0.635  -  0.614)  /  0.635) 

The  R  Square  statistic  for  the  above  regression  is  0.27.  This  means  that  27 
percent  of  the  variation  seen  in  the  trend  of  cell  voltage  can  be  attributed  to 
load  hours.  Thus,  other  factors  in  the  system  are  significantly  affecting  the 
changes  observed  in  cell  voltage.  The  cell  voltage  data  (Figure  20)  show  that 
there  are  sub-trends  in  cell  voltage  during  the  life  of  the  fuel  cell’s  operation. 
Since  the  cell  voltage  is  affected  by  the  electrical  output  of  the  fuel  cell,  an  ad¬ 
ditional  analysis  was  conducted.  The  data  was  sorted  by  the  fuel  cell  electric 
output  for  the  most  frequent  operating  levels  of  200  kW,  175  kW,  150  kW  and 
125  kW.  Then  a  linear  regression  was  conducted  for  load  hours  greater  than 
5,000  hours  (i.e.,  for  the  fuel  cell  after  the  stack  was  replaced).  The  results  of 
the  analysis  are  listed  in  Table  15. 


Table  15.  Cell  voltage  analysis  by  electrical  output. 


Fuel  Cell  Output 

200  kW 

175  kW 

150  kW 

125  kW 

Data  points 

1075 

126 

336 

823 

R  Square  Statistic 

0.80 

0.53 

0.45 

0.88 

Siope  (%/10,000  hrs) 

-13.9% 

-12.3% 

-5.2% 

-6.2% 

The  analysis  shows  that  the  curve  fit  was  very  good  for  the  200  kW  and  125 
kW  regressions  with  R  Squared  values  of  0.8  and  0.88  respectively.  This  indi¬ 
cates  that  80  to  88  percent  of  the  decrease  in  cell  voltage  can  be  attributed  to 
load  hours  for  these  data  sets.  The  175  kW  and  150  kW  regressions  have  R 
Squared  values  of  approximately  0.50  indicating  that  approximately  50  per- 
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cent  of  the  decline  in  the  cell  voltage  can  be  attributed  to  the  load  hours  for 
this  data  set.  This  is  still  an  improved  model  of  predictor  to  the  original  re¬ 
gression  model.  The  slopes  of  the  lines  for  the  200  kW  and  175  kW  power  lev¬ 
els  are  significantly  higher  than  the  150  kW  and  125  kW  levels.  The  reason  for 
the  difference  cannot  be  explained  by  the  lower  number  of  data  points  at  the 
150  kW  level  since  there  are  a  significant  number  of  data  points  at  the  125  kW 
level.  Figure  21  shows  the  regression  lines  of  the  analysis  for  each  data  set 
projected  over  the  entire  fuel  cell  operating  range. 


Cell  Voltage  Trends  by  Electric  Output 


CNvfCDOOOCNM-CDOOOCNvf 

Load  Time  (Hours) 

^200  kW  175  kW  150  kW  125  kW  I 


Figure  21.  Cell  voltage  trends  by  eleetric  output. 

While  the  efficiency  remains  relatively  constant  along  the  various  fuel  cell 
power  levels,  power  plant  cell  voltages  tend  to  increase  at  lower  electric  out¬ 
put  levels.  This  is  most  evident  for  fuel  cell  operation  greater  then  11,000  load 
hours.  There  is  no  data  to  indicate  why  the  slope  of  the  data  varies  at  the  dif¬ 
ferent  power  levels. 

4.4  Fuel  Cell  Maintenance  Activities 

UTC  Fuel  Cells  had  overall  responsibility  for  maintenance  on  the  fuel  cell  dur¬ 
ing  the  5-year  demonstration  period.  GBC  Electrical  Services,  as  the  mainte¬ 
nance  contractor,  performed  most  maintenance  activities  under  the  guidance 
of  UTC  Fuel  Cells. 
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Invoices  from  GBC  Electrical  Services  were  obtained  to  assess  maintenance 
activity  levels.  GBC  Electrical  Services  is  actually  located  in  Twentynine  Palms 
which  meant  that  there  was  no  extensive  travel  required  for  maintenance  ac¬ 
tivities.  Table  i6  lists  the  number  of  maintenance  days  at  the  site  and  total  la¬ 
bor  hours  by  year. 

Table  i6.  Maintenance  days  and  labor  hours  by  year. 


Year 

Days  at  Site 

Labor  Hrs. 

1995 

6 

22.5 

1996 

60 

605.0 

1997 

35 

249.5 

1998 

58 

401.5 

1999 

45 

293.0 

2000 

13 

76.5 

Total 

217 

1,648 

Tables  17  through  22  list  the  date,  labor  hours  and  a  brief  description  of  the 
maintenance  activities  that  were  billed  between  the  years  1995  and  2000. 


Table  17.  Maintenance  activities  in  1995. 


1995 

Labor  Hrs 

Description  of  Activity 

2-Nov 

7.0 

Started  fuel  cell  using  catalyst  reduction  procedure 

8-Nov 

1.0 

Performed  water  conductivity  test  at  HV-453  and  HV-431 

16-Nov 

1.0 

Performed  water  conductivity  test  at  HV-453,  HV-452  and  HV-431 

11-Dec 

10.0 

Performed  water  conductivity  test  at  HV-453,  HV-452  and  HV-431;  recharged  resin  bottles 

13-Dec 

2.5 

Performed  voltage  test  using  sub  stack  voltage  measurement  box  (150  kW  Sl  200  kW) 

28-Dec 

1.0 

Performed  water  conductivity  test  at  HV-453  and  HV-431 

Table  18.  Maintenance  activities  in  1996. 


1996 

Labor  Hrs 

Description  of  Activity 

13-Jan 

2.0 

Checked  fuses  and  replaced  one  blown  fuse;  checked  amps  on  each  phase 

14-Jan 

2.0 

Problem  with  stack  voltage;  power  level  reduced  to  100  kW  and  then  shut  down  fuel  cell 

26-Jan 

5.0 

Preparation  for  steam  cleaner 

29-Jan 

8.5 

Preparation  for  steam  cleaner 

30-Jan 

10.0 

Preparation  for  steam  cleaner 

31-Jan 

10.5 

Preparation  for  steam  cleaner 

2-Feb 

11.0 

Preparation  for  removal  of  fuel  cell  stack 

3-Feb 

10.0 

Continued  with  cell  stack  wet-up  procedures  in  preparation  for  removal 

5-Feb 

9.0 

Continued  with  cell  stack  wet-up  procedures  in  preparation  for  removal 

6-Feb 

18.0 

Continued  with  cell  stack  wet-up  procedures  in  preparation  for  removal 

8-Feb 

26.0 

Fuel  cell  stack  removed  and  secured  in  shipping  crate 

21-Mar 

8.0 

Preparation  for  Water  Treatment  System  (WTS)  cleaning 
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1996 

Labor  Hrs 

Description  of  Activity 

22-Mar 

10.0 

Flush  fuel  cell  Water  Treatment  System 

23-Mar 

10.0 

Continue  with  Water  Treatment  System  cleaning 

25-Mar 

10.0 

Continue  with  Water  Treatment  System  cleaning 

26-Mar 

89.0 

Continue  with  Water  Treatment  System  cleaning 

27-Mar 

9.0 

Continue  with  Water  Treatment  System  cleaning;  prepare  for  arrival  of  new  fuel  cell  stack 

28-Mar 

23.0 

Receive  and  install  new  fuel  cell  stack 

29-Mar 

8.0 

Continue  with  Water  Treatment  System  cleaning 

1-Apr 

9.0 

Continue  with  Water  Treatment  System  cleaning 

2-Apr 

17.0 

Continue  with  Water  Treatment  System  cleaning 

3-Apr 

14.0 

Complete  flushing  of  Water  Treatment  System 

9-Apr 

9.5 

Install  retrofits  with  UTC  Fuel  Cells 

10-Apr 

10.0 

Install  retrofits  with  UTC  Fuel  Cells 

11-Apr 

14.0 

Install  retrofits  with  UTC  Fuel  Cells 

12-Apr 

10.0 

Install  retrofits  with  UTC  Fuel  Cells 

15-Apr 

7.5 

Start-up  fuel  cell 

16-Apr 

6.0 

Repair  heater  400 

17-Apr 

10.0 

Start  fuel  cell  with  reduction  process 

18-Apr 

12.0 

Finish  details  and  adjust  new  valve  400 

19-Apr 

12.5 

Final  setting  on  valve  400 

20-Apr 

3.0 

Testing  of  grid-independent  capability  during  site  outages;  ramp  up  fuel  cell  to  200  kW 

27-Apr 

6.5 

Attempted  to  restart  fuel  cell  several  times  and  conducted  water  sampling;  reformer  burner  (BE030) 
malfunctioning 

3-May 

8.5 

Repair  process  steam  control  valve  (CV500)  and  start  fuel  cell 

4-May 

3.5 

Attempted  to  restart  fuel  cell 

13-May 

4.0 

Worked  on  electrical  systems 

12-Jun 

4.5 

Prepared  to  install  reverse  osmosis  unit 

13-Jun 

6.0 

Modifications  made  to  Water  Treatment  System 

14-Jun 

8.5 

Start-up  fuel  cell 

17-Jun 

6.5 

Replace  circuit  breaker  and  relay 

18-Jun 

5.0 

Start  fuel  cell 

19-Jun 

6.5 

Conduct  water  testing 

8-Jul 

9.0 

Water  recovery  testing 

9-Jul 

9.0 

Water  recovery  testing 

10-Jul 

9.0 

Water  recovery  testing 

11-Jul 

8.0 

Install  reverse  osmosis  unit 

12-Jul 

7.0 

Install  reverse  osmosis  unit 

16-Jul 

7.5 

Install  reverse  osmosis  unit 

17-Jul 

9.0 

Install  reverse  osmosis  unit  electrical 

18-Jul 

14.0 

Install  reverse  osmosis  unit  enclosure 

19-Jul 

7.0 

Install  reverse  osmosis  unit  and  initiate  operation 

9-Aug 

9.5 

Start  fuel  cell 

22-Aug 

6.0 

Increase  power  level  to  200  kW  and  perform  water  testing 
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1996 

Labor  Hrs 

Description  of  Activity 

4- Nov 

4.0 

Troubleshooting 

6- Nov 

8.0 

Replace  module  and  start 

7-Nov 

2.0 

Increase  power  level  and  conduct  water  testing 

12-Nov 

8.0 

Change  out  resin  and  charcoal 

13-Nov 

1.0 

Conduct  water  testing 

3-Dec 

6.0 

Restart  power  plant 

7-Dec 

8.0 

Restart  power  plant 

Table  19.  Maintenance  activities  in  1997. 


1997 

Labor  Hrs 

Description  of  Activity 

17-Jan 

9.0 

Troubleshot  circuit  breaker  K002 

18-Jan 

7.0 

Changed  relay  K2,  cleaned  fire  eye  and  attempted  to  start  fuel  cell 

21-Jan 

11.5 

Attempted  to  start  fuel  cell 

22-Jan 

12.0 

Attempted  to  start  fuel  cell 

23-Jan 

8.0 

Trouble  shooting  system 

24-Jan 

6.0 

Trouble  shooting  system  and  replace  fire  eye 

27-Jan 

1.0 

Change  out  Water  Treatment  System  bottles 

28-Jan 

10.0 

Changed  pump  451  and  started  fuel  cell 

8-Feb 

7.5 

Restart  fuel  cell 

11-Mar 

9.0 

Quarterly  maintenance  and  change  our  resin 

12-Mar 

7.0 

Restart  fuel  cell 

3-Apr 

10.0 

Worked  on  leaks  and  restarted  fuel  cell 

1-May 

3.5 

Attempted  to  fix  leak  on  discharge  side  of  pump  451 

29-May 

2.0 

Trouble  shot  flow  control  valve  (FCV012) 

5-Jun 

36.0 

Perform  annual  maintenance  and  install  new  fuel  valve 

7-Jul 

5.0 

Changed  out  pump  451  and  checked  valve  541 

8-Jul 

5.0 

Attempted  to  start  fuel  cell  (FCV140  stuck) 

9-Jul 

7.0 

Replace  FCV140  and  attempted  to  start  fuel  cell  unsuccessfully 

10-Jul 

2.0 

Tested  FT 140  and  identified  that  part  failed 

11-Jul 

5.0 

Replaced  FT 140  and  attempted  to  start  fuel  cell  unsuccessfully 

12-Jul 

7.0 

Cleaned  fire  eye  and  restarted  power  plant 

24-Jul 

4.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

4-Aug 

4.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

5-Aug 

8.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

6-Aug 

6.0 

Changed  union  F0420 

12-Aug 

5.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

13-Aug 

8.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

15-Aug 

4.5 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

2-Sep 

1.0 

Put  power  plant  back  in  water  conditioning  mode 

16-Sep 

7.5 

Removed  old  batteries  from  UPS  and  found  that  the  replacements  were  wrong 

18-Sep 

7.5 

Changed  batteries  in  UPS  and  changed  nitrogen  bottles 
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1997 

Labor  Hrs 

Description  of  Activity 

23-Sep 

8.0 

Drained  water  from  fuel  cell;  removed  and  reinstalled  pump  451  and  put  power  plant  in  water  condition¬ 
ing 

24-Sep 

7.5 

Attempted  to  start  fuel  cell  unsuccessfully  and  troubleshot  failure 

30-Sep 

4.0 

Cleaned  fire  eye  and  restarted  power  plant 

26-Dec 

4.0 

Attempted  to  start  the  fuel  cell 

Table  20.  Maintenance  activities  in  1998. 


1998 

Labor  Hrs 

Description  of  Activity 

5-Jan 

3.0 

Troubleshot  circuit  breaker  CB002 

20-Jan 

17.0 

Remove  and  replace  pump  820 

22-Jan 

7.0 

Installed  motor  controller  and  started  power  plant 

23-Jan 

11.0 

Troubleshot  shutdown,  replaced  FCV012  and  started  power  plant 

27-Feb 

8.0 

Changed  resin  and  charcoal  bottles 

16-Mar 

6.0 

Drained  the  system;  put  new  0-rings  in  FCU400  and  refilled  the  system 

17-Mar 

8.5 

Started  fuel  cell 

18-Mar 

1.0 

Attempted  to  restart  power  plant 

24-Mar 

6.0 

Replaced  circuit  breaker  mechanisms  and  restarted  power  plant 

26-Mar 

13.0 

Checked  wiring  in  CB  KOOl,  K002  &  K003  and  replaced  I/O  modules  and  relays 

6-Apr 

2.0 

Troubleshot  UPS  problem 

9-Apr 

16.0 

Removed  and  replaced  UPS  and  started  power  plant 

14-Apr 

3.0 

Removed  and  replaced  panels  from  fuel  cell 

16-Apr 

5.5 

Installed  PC7  ribbon  cable;  started  power  plant;  changed  out  nitrogen  bottles 

20-Apr 

3.0 

Worked  with  UTC  Fuel  Cells  on  phone  as  they  could  not  communicate  directly  with  fuel  cell 

8-May 

4.0 

Troubleshot  communications  problem 

11-May 

12.0 

Changed  out  MCB003;  started  power  plant;  conducted  cell  stack  tests  at  idle,  100  kW  and  150  kW 

12-May 

4.0 

Worked  with  UTC  Fuel  Cells  on  phone;  took  cell  stack  readings 

18-May 

10.0 

Took  out  J  pipes  and  put  in  bypass  pipes;  took  out  BP440  and  put  in  bypass 

19-May 

16.0 

Started  steam  cleaning  and  conducted  water  testing 

20-May 

19.0 

Steam  cleaning  and  water  testing 

21-May 

2.0 

Steam  cleaning  and  water  testing 

22-May 

10.0 

Steam  cleaning  and  water  testing 

26-May 

6.0 

Cleaned  cell  stack  assembly  (CSA) 

27-May 

12.0 

Cleaned  cell  stack  assembly  (CSA) 

28-May 

9.0 

Cleaned  cell  stack  assembly  (CSA) 

29-May 

10.0 

Cleaned  cell  stack  assembly  (CSA) 

2-Jun 

6.0 

Cleaned  and  greased  fittings 

3-Jun 

8.0 

Changed  SAC  metals 

4-Jun 

12.0 

Cleaned  wire  box,  etc. 

5-Jun 

7.0 

Put  fuel  cell  back  together 

8-Jun 

8.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

9-Jun 

13.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

10-Jun 

7.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 
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1998 

Labor  Hrs 

Description  of  Activity 

11-Jun 

8.5 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

12-Jun 

4.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

16-Jun 

8.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

17-Jun 

5.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

18-Jun 

2.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

19-Jun 

4.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

23-Jun 

12.0 

Ran  chemicals  through  reverse  osmosis  unit  to  clean  In  place;  replaced  final  pressure  gauge 

24-Jun 

5.5 

Started  reverse  osmosis  unit  and  replaced  filter 

2-Jul 

2.0 

Conducted  grid  connect/grid-independenttest 

31-Jul 

2.0 

Conducted  grid  connect/grId-Independenttest 

28-Aug 

2.0 

Conducted  grid  connect/grId-Independenttest 

15-Sep 

1.0 

Checked  to  make  sure  cooling  fans  were  on  and  working 

16-Sep 

2.0 

Reset  logic  so  cooling  fans  would  cool  stack;  flushed  reverse  osmosis  unit  for  15  minutes 

28-Sep 

2.0 

Put  fuel  cell  back  Into  water  conditioning;  flushed  reverse  osmosis  system 

30-Sep 

4.5 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

1-Oct 

9.5 

Worked  with  UTC  Fuel  Cells  personnel  at  site;  Install  two  heat  exchangers 

2-Oct 

9.0 

Worked  with  UTC  Fuel  Cells  personnel  at  site;  Install  two  heat  exchangers 

3-Oct 

4.5 

Worked  with  UTC  Fuel  Cells  personnel  at  site 

23-Oct 

2.0 

Conducted  grid  connect/grid-independenttest 

5- Nov 

2.0 

Install  modem  cable 

6- Nov 

2.0 

Troubleshot  lockout  relay 

14-Dec 

4.5 

Changed  flow  meter  and  attempted  to  start  power  plant 

15-Dec 

10.5 

Turned  gas  on  and  cleaned  fire  eye;  started  power  plant  and  did  two  shift  reducing  tests 

16-Dec 

8.0 

Tuned  power  plant;  restarted  power  plant  after  gas  outage 

Table  21,  Maintenance  activities  in  1999. 


1999 

Labor  Firs 

Description  of  Activity 

22-Feb 

4.0 

Checked  bottom  of  cell  stack  looking  for  acid  residue 

23-Feb 

6.0 

Checked  bottom  of  cell  stack  looking  for  acid  residue 

25-Feb 

17.0 

Prepared  fuel  cell  for  megohmmeter  test;  repaired  water  leak  at  reverse  osmosis  unit 

26-Feb 

7.0 

Isolated  cell  stack  and  tested  with  megohmmeter 

9-Mar 

10.0 

Troubleshot  short  in  cell  stack  assembly 

10-Mar 

9.0 

Continued  looking  for  leak  in  CSA  manifold  and  cleaned  area 

11-Mar 

4.0 

Retested  CSA  for  short 

12-Mar 

2.0 

Retested  CSA  for  short;  placed  a  space  heater  in  CSA  area  to  dry  water  from  cleaning 

16-Mar 

11.0 

Flad  CSA  patch  modified  to  fit;  installed  patch  and  retested  CSA 

5-Apr 

4.0 

Worked  on  CSA  base  insulators 

6-Apr 

18.0 

Installed  base  insulators;  reassembled  CSA  and  cabinet;  started  power  plant 

19-May 

1.0 

Troubleshot  hot  shut  down;  put  power  plant  in  cool  down 

20-May 

12.0 

Troubleshot  FT140  shutdown;  repaired  leaks  in  water  treatment  system;  started  power  plant 

21-May 

3.5 

Changed  water  treatment  system  bottles 
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4-Jun 

7.0 

Troubleshot  FT140  and  attempted  to  fix  leak  on  F0420  union;  left  power  plant  in  P15 

8-Jun 

2.0 

Replaced  FT140  and  took  apart  F0420 

9-Jun 

3.0 

Worked  with  welder 

10-Jun 

6.0 

Attempted  to  start  power  plant 

11-Jun 

8.0 

Attempted  to  start  power  plant 

14-Jun 

9.0 

Attempted  to  start  power  plant 

15-Jun 

6.5 

Troubleshot  TCV400 

16-Jun 

7.5 

Rebuilt  TCV400 

18-Jun 

13.0 

Attempted  to  start  power  plant;  replaced  TCV400. 

17-Jul 

1.0 

Put  power  plant  back  in  water  conditioning 

21-Jul 

2.0 

Replaced  PC19  card;  put  power  plant  back  in  water  conditioning 

10-Aug 

8.0 

Troubleshot  FT 140 

11-Aug 

12.0 

Attempted  to  start  power  plant 

12-Aug 

9.0 

Cleaned  fire  eye  and  attempted  to  start  power  plant 

13-Aug 

5.5 

Attempted  to  start  power  plant 

20-Aug 

8.0 

Attempted  to  start  power  plant;  worked  with  UTC  Fuel  Cells  on  phone 

24-Aug 

7.0 

Attempted  to  start  power  plant;  worked  with  UTC  Fuel  Cells  on  phone 

25-Aug 

8.0 

Attempted  to  start  power  plant;  worked  with  UTC  Fuel  Cells  on  phone 

26-Aug 

10.0 

Attempted  to  start  power  plant;  worked  with  UTC  Fuel  Cells  on  phone 

27-Aug 

5.0 

Attempted  to  start  power  plant;  found  bad  valve  FCV140 

31-Aug 

13.0 

Attempted  to  start  power  plant;  changed  brakes  on  FCVllO;  worked  with  UTC  Fuel  Cells  on  phone 

1-Sep 

4.0 

Attempted  to  start  power  plant 

2-Sep 

8.0 

Changed  Filter  100;  started  power  plant  and  left  at  125  kW 

9-Sep 

3.0 

Changed  out  water  treatment  system  bottles 

14-Oct 

2.0 

Analyzed  the  modem  and  made  sure  it  was  operating  properly 

15-Oct 

2.0 

Worked  with  UTC  Fuel  Cells  on  phone 

17-Oct 

1.0 

Put  power  plant  back  in  water  conditioning 

18-Oct 

2.0 

Attempted  to  start  power  plant;  leak  detected  and  shut  down  power  plant 

1-Nov 

9.0 

Repaired  pump  450  water  leak;  started  power  plant 

3-Dec 

2.0 

Rerouted  conductivity  sensor  for  DMN450  bottles 

12-Dec 

1.0 

Troubleshot  pump  400 

Table  22.  Maintenance  activities  in  2000. 


2000 

Labor  Firs 

Description  of  Activity 

6-Jan 

1.0 

Removed  old  50  amp  breaker 

18-Jan 

1.0 

Installed  50  amp  breaker  for  heater  400 

19-Jan 

6.0 

Changed  heater  400 

20-Jan 

8.5 

Flushed  system 

21-Jan 

8.0 

Attempted  to  start  power  plant;  troubleshot  failed  start 

24-Jan 

9.5 

Troubleshot  F0400  and  attempted  to  start  power  plant 

27-Jan 

8.0 

Rebuilt  CV500  and  attempted  to  start  power  plant 
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2000 

Labor  Firs 

Description  of  Activity 

28-Jan 

5.0 

Worked  with  UTC  Fuel  Cells  on  phone;  checked  F0420,  flow  orifices  and  leak  down  on  water  tank 

10-Feb 

7.0 

Changed  out  FS400  and  F0420/440 

11-Feb 

6.0 

Started  power  plant  and  power  plant  shutdown 

15-Feb 

5.0 

Troubleshot  FS400  problem 

31-Mar 

3.0 

Changed  out  FS400 

3-Apr 

8.5 

Started  power  plant 

4.5  Fuel  Cell  Retrofits 

As  part  of  the  fuel  cell  demonstration  and  overall  fuel  cell  development,  UTC 
Fuel  Cells  refined  the  fuel  cell  design  based  on  operational  experience  gained 
through  the  operation  of  the  fleet  of  fuel  cells.  These  improvements  and  modi¬ 
fications  were  classified  as  retrofits.  Once  a  retrofit  was  developed,  it  would  be 
incorporated  into  the  production  of  new  fuel  cells  or  retrofit  in  the  field  for 
installed  fuel  cells.  The  details  of  the  retrofits  are  considered  proprietary  in¬ 
formation  by  UTC  Fuel  Cells  and  are  not  available  for  this  report.  The  data  in 
Tables  17  through  22  show  that  the  only  retrofit  that  was  added  to  the  fuel  cell 
in  the  field  was  during  9  -12  April  1996.  At  this  time  there  was  a  modification 
to  the  Thermal  Management  System  to  modify  piping  and  a  flow  control 
valve.  The  objective  of  the  retrofit  was  to  increase  the  rate  of  heat  transfer  off 
the  stack  so  the  appropriate  stack  temperature  could  be  maintained  when  the 
level  of  heat  generated  by  the  stack  increases  toward  the  end  of  the  stack  life. 

4.6  Fuel  Cell  Operation  and  Outage  Summary 

Appendix  E  shows  the  operational  and  outage  periods  for  each  hour  within 
the  60  months  that  the  fuel  cell  was  active  (June  1995  to  May  2000).  The  out¬ 
age  times  are  highlighted  in  gray  along  with  a  listing  of  the  outage  number, 
duration  in  hours  and  minutes,  and  a  brief  description  of  the  shutdown.  Days 
where  on-site  maintenance  was  performed  is  shown  graphically  by  an  8-hour 
box.  GBC  Electrical  Services,  the  maintenance  contractor,  provided  mainte¬ 
nance  activity  records. 
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5  Fuel  Cell  Economics 

5.1  Hospital  Energy  Costs 

The  Naval  Hospital,  as  a  tenant  at  MCAGCC  Twentynine  Palms,  pays  the  Base 
for  its  electricity  usage.  The  Base  purchases  electricity  from  Southern  Califor¬ 
nia  Edison  (SCE)  under  a  time  of  use  rate  schedule,  TOU-8.  This  rate  has  a 
summer  and  winter  season  consisting  of  on-peak,  mid-peak  and  off-peak  time 
periods.  Table  23  lists  the  structure  of  the  TOU-8  tariff.  The  difference  be¬ 
tween  the  facility-related  demand  charge  and  the  time-related  demand 
charges  are  the  method  of  calculation.  The  facility-related  demand  charge  is 
the  highest  demand  over  any  15-minute  period  during  the  billing  period.  The 
time-related  demand  charge  is  determined  as  the  highest  demand  over  any 
15-minute  period  for  the  time  periods  defined  (on-peak,  mid-peak  and  off- 
peak).  Typically,  the  on-peak  demand  charge  is  the  highest  cost  of  all  the  de¬ 
mand  charges  and  the  off-peak  demand  charge  is  zero. 


Table  23,  SCE  TOU-8  rate  structure. 


Summer 

Winter 

Months 

June  -  September 

October  -  May 

On  Peak  Period 

Noon  -  6:00  pm 

None 

Mid-Peak  Period 

8:00  am  -  Noon 

6:00  pm  -  11:00  pm 

8:00  am  -  9:00  pm 

Off-Peak  Period 

Aii  other  hours  and  hoiidays 

Aii  other  hours  and  hoiidays 

Charges 

Faciiity  Charge  ($/meter) 

Energy  Charge  ($/kWh) 

Faciiity-Reiated  Demand  Charge  ($/kW) 
Time-Reiated  Demand  Charge  ($/kW) 
Excess  Transformer  Capacity  ($/kVA) 
Power  Factor  Adjustment  ($/kVA) 

Faciiity  Charge  ($/meter) 

Energy  Charge  ($/kWh) 

Demand  Charge  ($/kW) 

Excess  Transformer  Capacity  ($/kVA) 
Power  Factor  Adjustment  ($/kVA) 

The  Base  purchases  natural  gas  from  two  sources,  a  contracted  commodity 
purchase  through  a  gas  provider  for  the  central  plant  and  Southern  California 
Gas  Company  (SoCalGas).  The  costs  that  are  passed  on  to  the  Hospital  are  the 
SoCalGas  costs,  which  are  billed  under  tariff  GN-20. 

Records  of  the  Hospital  electric  and  natural  gas  consumption  were  collected 
from  the  Base  for  the  period  of  October  1997  through  2001.  Data  for  the  pe¬ 
riod  of  June  1995  through  September  1997  were  not  available.  Tables  24 
through  27  list  the  data  for  the  periods  of  EY  98  through  EYoi  respectively. 
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Table  24.  Hospital  energy  bills  for  FY98. 


Month 

Consumption 

kWh 

ELECTRICITY 

Costs 

$ 

Average  Cost 
$/kWh 

Consumption 

Therms 

NATURAL  GAS 
Costs 
$ 

Average  Cost 
$/Therm 

October  1997 

299,240.00 

$31,120.96 

$0.1040 

16,426.00 

$9,527.08 

$0.5800 

November  1997 

226,400.00 

$23,545.60 

$0.1040 

17,097.00 

$9,916.26 

$0.5800 

December  1997 

223,749.00 

$23,269.90 

$0.1040 

15,964.00 

$9,259.12 

$0.5800 

January  1998 

230,189.00 

$23,939.66 

$0.1040 

4,964.00 

$2,879.12 

$0.5800 

February  1998 

215,949.00 

$22,458.70 

$0.1040 

19,574.00 

$11,352.92 

$0.5800 

March  1998 

496,120.00 

$50,455.40 

$0.1017 

8,936.00 

$3,642.49 

$0.4076 

April  1998 

576,360.00 

$58,615.81 

$0.1017 

12,754.00 

$5,198.79 

$0.4076 

May  1998 

531,384.00 

$54,041.75 

$0.1017 

11,891.00 

$4,847.01 

$0.4076 

June  1998 

534,800.00 

$54,389.16 

$0.1017 

4,884.00 

$1,990.82 

$0.4076 

July  1998 

729,840.00 

$74,224.73 

$0.1017 

3,789.00 

$1,544.47 

$0.4076 

August  1998 

602,368.00 

$61,260.83 

$0.1017 

3,392.00 

$1,382.65 

$0.4076 

September  1998 

738,360.00 

$75,091.21 

$0.1017 

3,506.00 

$1,429.12 

$0.4076 

Total 

5,404,759.00 

$552,413.71 

$0.1022 

123,177.00 

$62,969.85 

$0.5112 

Table  25,  Hospital  energy  bills  for  FY99. 


Month 

Consumption 

kWh 

ELECTRICITY 

Costs 

$ 

Average  Cost 
$/kWh 

Consumption 

Therms 

NATURAL  GAS 
Costs 
$ 

Average  Cost 
$/Therm 

October  1998 

738,360.00 

$75,091.21 

$0.1017 

3,506.00 

$1,429.12 

$0.4076 

November  1998 

390,320.00 

$39,695.54 

$0.1017 

6,489.00 

$2,645.05 

$0.4076 

December  1998 

403,040.00 

$40,989.17 

$0.1017 

11,868.00 

$4,837.63 

$0.4076 

January  1999 

440,384.00 

$44,787.05 

$0.1017 

12,710.00 

$5,180.85 

$0.4076 

February  1999 

601,480.00 

$61,170.52 

$0.1017 

10,960.00 

$4,467.52 

$0.4076 

March  1999 

474,056.00 

$48,211.50 

$0.1017 

6,784.00 

$2,765.29 

$0.4076 

April  1999 

401,744.00 

$40,857.36 

$0.1017 

8,963.00 

$3,653.50 

$0.4076 

May  1999 

731,272.00 

$74,370.36 

$0.1017 

10,906.00 

$4,445.50 

$0.4076 

June  1999 

268,488.00 

$27,305.23 

$0.1017 

2,321.00 

$946.09 

$0.4076 

July  1999 

739,904.00 

$75,248.24 

$0.1017 

5,399.00 

$2,200.74 

$0.4076 

August  1999 

765,336.00 

$77,834.67 

$0.1017 

1,361.00 

$554.77 

$0.4076 

September  1999 

626,250.00 

$63,689.63 

$0.1017 

4,997.00 

$2,036.88 

$0.4076 

Total 

6,580,634.00 

$669,250.48 

$0.1017 

86,264.00 

$35,162.94 

$0.4076 

Table  26.  Hospital  energy  bills  for  FYoo. 


Month 

Consumption 

kWh 

ELECTRICITY 

Costs 

$ 

Average  Cost 
$/kWh 

Consumption 

Therms 

NATURAL  GAS 
Costs 
$ 

Average  Cost 
$/Therm 

October  1999 

635,480.00 

$64,628.32 

$0.1017 

10,005.00 

$4,078.24 

$0.4076 

November  1999 

528,448.00 

$53,743.16 

$0.1017 

9,963.00 

$4,061.12 

$0.4076 

December  1999 

628,096.00 

$63,877.36 

$0.1017 

10,983.00 

$4,476.89 

$0.4076 

January  2000 

531,176.00 

$54,020.60 

$0.1017 

10,080.00 

$4,108.81 

$0.4076 

February  2000 

569,184.00 

$57,886.01 

$0.1017 

11,500.00 

$4,687.63 

$0.4076 

March  2000 

503,752.00 

$51,231.58 

$0.1017 

7,500.00 

$3,057.15 

$0.4076 

April  2000 

455,672.00 

$46,341.84 

$0.1017 

7,000.00 

$2,853.34 

$0.4076 

May  2000 

648,536.00 

$65,956.11 

$0.1017 

6,500.00 

$2,649.53 

$0.4076 

June  2000 

666,224.00 

$67,754.98 

$0.1017 

3,000.00 

$1,222.86 

$0.4076 

July  2000 

574,560.00 

$58,432.75 

$0.1017 

3,000.00 

$1,222.86 

$0.4076 

August  2000 

622,968.00 

$63,355.85 

$0.1017 

4,500.00 

$1,834.29 

$0.4076 

September  2000 

682,305.00 

$69,390.42 

$0.1017 

4,252.00 

$1,733.20 

$0.4076 

Total 

7,046,401.00 

$716,618.98 

$0.1017 

88,283.00 

$35,985.92 

$0.4076 
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Table  27.  Hospital  energy  bills  for  FYoi. 


Month 

Consumption 

kWh 

ELECTRICITY 

Costs 

$ 

Average  Cost 
$/kWh 

Consumption 

Therms 

NATURAL  GAS 

Costs 

$ 

Average  Cost 
$/Therm 

October  2000 

620,440.00 

$63,098.75 

$0.1017 

6,931.00 

$4,851.70 

$0.7000 

November  2000 

509,856.00 

$51,852.36 

$0.1017 

3,573.00 

$2,501.10 

$0.7000 

December  2000 

622,712.00 

$63,329.81 

$0.1017 

10,550.00 

$7,385.00 

$0.7000 

January  2001 

538,968.00 

$54,813.05 

$0.1017 

5,256.00 

$3,679.20 

$0.7000 

February  2001 

480,480.00 

$48,864.82 

$0.1017 

11,500.00 

$8,050.00 

$0.7000 

March  2001 

515,000.00 

$52,375.50 

$0.1017 

11,500.00 

$8,050.00 

$0.7000 

April  2001 

524,000.00 

$78,600.00 

$0.1500 

8,000.00 

$7,600.00 

$0.9500 

May  2001 

581,936.00 

$87,290.40 

$0.1500 

8,000.00 

$7,600.00 

$0.9500 

June  2001 

581,672.00 

$87,250.80 

$0.1500 

8,000.00 

$7,600.00 

$0.9500 

July  2001 

620,984.00 

$93,147.60 

$0.1500 

8,000.00 

$7,600.00 

$0.9500 

August  2001 

489,488.00 

$73,423.20 

$0.1500 

8,000.00 

$7,600.00 

$0.9500 

September  2001 

553,231.00 

$82,984.65 

$0.1500 

8,000.00 

$7,600.00 

$0.9500 

Total 

6,638,767.00 

$837,030.94 

$0.1261 

97,310.00 

$80,117.00 

$0.8233 

Figure  14  shows  the  annual  trend  in  Hospital  electric  consumption  and  Figure 
15  shows  the  annual  trend  in  Hospital  natural  gas  consumption. 
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Figure  22.  Annual  hospital  electric  consumption, 
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Figure  23,  Annual  hospital  natural  gas  consumption. 


Fuel  Cell  Maintenance  Costs 


Table  28  lists  the  maintenance  costs  for  services  provided  by  GBC  Electrical 
Services  between  1995  through  the  end  of  the  demonstration  project.  Labor 
was  the  highest  cost  category  at  $76,969.  Labor  hours  averaged  330  work- 
hours  per  12  months.  The  highest  number  of  work-hours  in  a  calendar  year 
was  605  in  1996.  Nitrogen  costs  totaled  $21,472.  Spread  across  the  36  out¬ 
ages  that  occurred,  this  averages  $596  per  outage.  While  charcoal  used  in  the 
water  treatment  system  was  a  relatively  minor  cost  (~$500/year),  resin  was  a 
significant  program  cost  totaling  nearly  $25,000.  Abed  of  ion-exchange  resin 
is  used  to  soften  the  water  in  the  water  treatment  system.  The  softening  proc¬ 
ess  exchanges  calcium  and  magnesium  ions  in  the  water  for  sodium  ions  in 
the  resin.  Resin  costs  work  out  to  approximately  $1,120  per  one  thousand  op¬ 
erating  hours.  Appendix  F  presents  maintenance  costs  by  Invoice  date. 
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Table  28.  Summary  of  fuel  cell  maintenance  costs. 


CATEGORY 

1995 

1996 

1997 

1998 

1999 

2000 

TOTALS 

Labor  Hours 

22.5 

605 

249.5 

401.5 

293 

76.5 

1,648 

Labor  Costs 

$968 

$24,598 

$12,475 

$18,925 

$15,772 

$4,233 

$76,969 

Nitrogen  Costs 

$1,188 

$6,459 

$6,422 

$3,100 

$3,285 

$1,018 

$21,472 

Charcoal  (cu.  ft.) 

0 

4 

4 

4 

4 

0 

16 

Charcoal  Costs 

$0 

$372 

$372 

$372 

$392 

$0 

$1,508 

Resin  (cu.  ft.) 

0 

41 

27 

18 

16 

0 

102 

Resin  Costs 

$0 

$10,395 

$6,102 

$4,068 

$4,240 

$0 

$24,805 

Other  Costs 

$32 

$11,877 

$1,485 

$1,716 

$2,627 

$1,746 

$19,484 

Travel  Costs 

$0 

$0 

$0 

$0 

$154 

$33 

$187 

Shipping  Costs 

$34 

$122 

$572 

$304 

$0 

$0 

$1,031 

TOTALS 

$2,222 

$53,823 

$27,428 

$28,485 

$26,470 

$7,029 

$145,457 

The  cost  of  maintenance  over  the  entire  operating  period  as  shown  above  was 
$145,457.  This  corresponds  to  an  average  maintenance  cost  of  approximately 
4.12  cents/kWh  ($145,457/  3,533,735  kWh)  for  all  the  electricity  supplied  to 
the  Naval  Hospital.  This  represents  $29,09i/year  over  the  5-year  demonstra¬ 
tion  period.  Note  that  the  maintenanee  eosts  presented  do  not  in- 
elude  the  eost  of  any  parts  or  equipment  provided  by  UTC  Fuel 
Cells  to  repair  or  modify  the  fuel  eell. 

Figure  24  shows  the  trend  in  annual  maintenance  costs  for  the  fuel  cell.  Note 
that  the  costs  presented  for  1995  and  2000  are  for  approximately  6  months 
each  as  the  fuel  cell  started  operation  on  20  June  1995  and  concluded  opera¬ 
tion  on  26  May  2000.  The  high  costs  on  1996  are  attributed  to  the  hard  water 
problems  and  the  resulting  water  treatment  system  installation. 


Twentynine  Palms  Fuel  Cell 
Annual  Maintenance  Costs 


Calendar  Year 


Figure  24.  Annual  trend  in  fuel  cell  maintenance  costs. 
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Fuel  cell  maintenance  costs  for  the  5-year  demonstration  period  were  in¬ 
cluded  in  the  original  purchase  contract  with  the  fuel  cell  manufacturer.  First 
year  maintenance  costs  were  included  in  the  original  fuel  cell  purchase  price. 
For  the  final  4  years  of  contract  maintenance,  UTC  Fuel  Cells  was  paid 
$137,200  ($34,300  per  year). 

5.3  Fuel  Cell  Energy  Savings 

Energy  savings  from  the  fuel  cell  were  calculated  based  the  Naval  Hospital’s 
monthly  electric  and  natural  gas  energy  bills.  Average  monthly  rates  were  ap¬ 
plied  to  monthly  fuel  cell  electrical  and  thermal  output  as  well  as  the  input 
fuel.  For  periods  where  electricity  and  natural  gas  bills  were  not  available, 
costs  were  interpolated.  Table  29  lists  the  annual  energy  savings  delivered  by 
the  fuel  cell.  Net  energy  savings  for  this  site  over  the  entire  program  were 
$131,761. 


Table  29.  Annual  energy  savings  at  naval  hospital. 


1995 

1996 

1997 

1998 

1999 

2000 

Total 

Electric  Savings 

$44,369 

$67,106 

$96,435 

$32,278 

$53,055 

$14,318 

$307,560 

Thermal  Savings 

$1,341 

$1,949 

$2,032 

$142 

$93 

$50 

$5,557 

Total  Savings 

$45,710 

$69,054 

$98,467 

$32,420 

$53,148 

$14,318 

$313,118 

Natural  Gas  Costs 

$33,418 

$42,947 

$57,134 

$18,003 

$23,415 

$6,357 

$181,273 

Net  Savings 

$12,292 

$26,107 

$41,333 

$14,417 

$29,733 

$7,961 

$131,844 

Overall  electric  savings  were  $307,560  with  a  maximum  annual  savings  of 
$96,435  occurring  in  1997.  The  modest  level  of  thermal  heat  recovery  from 
the  fuel  cell  and  used  by  the  Hospital  resulted  in  a  total  natural  gas  savings  of 
$5,557-  The  value  of  the  recovered  heat  was  greatest  in  1997  with  savings  of 
$2,032.  The  cost  of  natural  gas  to  operate  the  fuel  cell  totaled  $181,273  over 
the  course  of  the  demonstration.  This  amount  corresponds  to  a  fuel  cost  for 
electric  generation  of  $0.05i5/kWh  ($181,273/3,522,400  kWh).  Figure  25 
shows  the  trend  in  annual  energy  savings. 

5.4  Fuel  Cell  Lifecycle  Costs 

The  fuel  cell  lifecycle  cost  analysis  is  presented  for  the  operational  life  of  the 
fuel  cell  at  MCAGCC  Twentynine  Palms.  At  the  end  of  the  demonstration,  the 
fuel  cell  was  removed.  Therefore,  the  costs  and  operation  in  this  report  cover 
the  entire  life  of  the  fuel  cell  (20  June  1995  —  20  May  2000).  Note  that  the 
cost  of  fuel  cell  removal  is  not  included  in  the  analysis. 
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Twentynine  Palms  Fuel  Cell  Energy  Savings 


Year 

Annual  Energy  Savings - Cummulative  Energy  Savings~| 

Figure  25.  Annual  fuel  cell  energy  savings. 

The  installed  cost  of  the  fuel  cell  was  $1,200,000.  The  lifecycle  cost  analysis 
uses  the  utility  rates  presented  in  section  5.1,  the  maintenance  costs  presented 
in  section  5.2  and  the  savings  presented  in  section  5.3.  Note  that  the  analysis 
is  based  on  the  average  cost  of  electricity  that  the  Hospital  is  charged.  That  is 
to  say  that  demand  savings  are  not  calculated  separately  in  the  analysis.  A  re¬ 
view  of  the  data  shows  that  demand  savings  would  have  been  realized  in  only 
ten  of  the  59  full  months  of  operation  and  that  the  average  demand  reduction 
for  the  10  months  would  have  been  170.1  kW.  The  criterion  for  determining 
demand  savings  is  that  the  fuel  cell  was  operational  during  all  hours  of  the 
peak  period  hours  for  the  calendar  month.  In  two  cases  the  fuel  cell  was  down 
during  the  month,  but  the  entire  outage  occurred  during  non-peak  time  peri¬ 
ods.  Table  30  lists  the  months  in  which  the  facility  demand  savings  could  have 
been  attributed  to  the  fuel  cell  and  the  average  output  of  the  fuel  cell  during 
the  month.  Note  that  for  the  SCE  TOU-8  tariff  that  the  peak  demand  is  appli¬ 
cable  during  the  months  of  June  through  September.  The  data  in  Table  30 
show  that  the  peak  demand  savings  would  have  occurred  on  only  three  of  the 
months,  July  1995,  August  1995,  and  September  1996. 
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Table  30.  Fuel  cell  demand  savings. 


Month  of  Demand  Savings 

Fuel  Cell 

Demand  Savings 

July 

1995 

200 

August 

1995 

143 

December 

1995 

158 

September  1996 

200 

October 

1996 

200 

February 

1997 

200 

October 

1997 

150 

November 

1997 

150 

February 

1998 

175 

January 

1999 

125 

Number  of  Months 

10 

Average  Demand 

170 

Data  in  Table  31  represent  the  lifecycle  cost  analysis.  The  analysis  allocates 
the  capital  cost  of  the  fuel  cell  in  the  1995  calendar  year.  In  addition,  values 
are  actual  costs  and  are  not  adjusted  to  a  base  year.  The  analysis  shows  that 
the  operational  costs  exceeded  the  savings  in  1996  and  1998  and  that  the  cu¬ 
mulative  operational  savings  were  negative  at  the  end  of  the  period  of  analy¬ 


sis. 
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Table  31.  Lifecycle  cost  analysis. 


Year 

1995 

1996 

1997 

1998 

1999 

2000 

Hours  of  Operation 

Operation  Hours/Yr. 

3,705 

4,836 

5,970 

1,989 

4,253 

1,136 

Total  Operation  Hours 

3,705 

8,542 

14,512 

16,501 

20,755 

21,890 

Hours  Since  Overhaul 

3,705 

8,542 

14,512 

16,501 

20,755 

21,890 

Operation  Values 

Electrical  Eff  {%) 

32.4% 

33.3% 

32.0% 

30.6% 

31.0% 

30.8% 

Thermal  Eff  (%) 

3.2% 

3.6% 

2.9% 

0.6% 

0.3% 

0.0% 

Demand  Disp.  (kW) 

501 

400 

500 

175 

125 

- 

Electric  Output  (MWh) 

633.8 

838.8 

1071.5 

315.8 

521.7 

140.8 

Thermal  Displ.  (MMBTU) 

268.25 

389.75 

406.38 

27.88 

22.75 

0.00 

Fuel  Input  (MMBTU) 

6683.6 

8589.4 

11426.7 

3521.7 

5744.5 

1559.6 

Average  Energy  Rates 

Demand  Rate  ($/kW): 

Electric  Rate  {$/kWh): 

0.0700 

0.0800 

0.0900 

0.1022 

0.1017 

0.1017 

Facility  Gas  Rate  ($/MMBTU): 

5.00 

5.00 

5.00 

5.11 

4.08 

4.08 

Generator  Gas  Rate  ($/MMBTU): 

5.00 

5.00 

5.00 

5.11 

4.08 

4.08 

GENERATOR  SAVINGS 

Energy  Savings  ($): 

Demand: 

Energy: 

$44,366 

$67,104 

$96,435 

$32,275 

$53,057 

$14,319 

Displaced  Fuel: 

$1,341 

$1,949 

$2,032 

$142 

$93 

$0 

Subtotal  ($): 

$45,707 

$69,053 

$98,467 

$32,417 

$53,150 

$14,319 

Costs  ($): 

Fuel  Cost: 

$33,418 

$42,947 

$57,134 

$18,003 

$23,415 

$6,357 

Maintenance: 

$2,222 

$53,823 

$27,428 

$28,485 

$26,470 

$7,029 

Generator  Overhaul: 

$0 

$0 

$0 

$0 

$0 

$0 

Subtotal  ($): 

$35,640 

$96,770 

$84,562 

$46,488 

$49,885 

$13,386 

Annual  Savings: 

$10,067 

($27,717) 

$13,905 

($14,071) 

$3,265 

$933 

Cumulative  Savings; 

$10,067 

($17,650) 

($3,745) 

($17,815) 

($14,550) 

($13,617) 

Installed  Cost 

$1,200,000 

Net  Cash  Flow 

($1,189,933) 

($27,717) 

$13,905 

($14,071) 

$3,265 

$933 

Cumulative  Cash  Flow 

($1,189,933) 

($1,217,650) 

($1,203,745) 

($1,217,815) 

($1,214,550) 

($1,213,617) 
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6  Summary,  Conclusions,  and 
Recommendations 

6.1  Review  of  Fuel  Cell  Demonstration  at  MCAGCC  Twentynine  Palms 

The  200  kW  phosphoric  acid  fuel  cell  operated  for  21,890  hours  which  corre¬ 
sponds  to  an  availability  of  50.8  percent.  The  fuel  cell  generated  approxi¬ 
mately  3,522  MWh  of  electricity  at  an  average  rate  of  160.9  kW.  The  fuel  cell 
electrical  efficiency  averaged  32.0  percent  (HHV)  over  the  course  of  the  dem¬ 
onstration.  The  thermal  utilization  of  40,600  BTU/hr  was  only  6  percent  of 
the  fuel  cell’s  capability  of  700,000  BTU/hr.  Data  in  Table  32  summarize  the 
performance  of  the  fuel  cell  operation. 


Table  32,  Summary  of  fuel  cell  performance. 


1995 

1996 

1997 

1998 

1999 

2000 

Totals 

Fuel  Cell  Operation 

Hours  in  the  Period 

4,664.2 

8,784.0 

8,760.0 

8,760.0 

8,760.0 

3,366.0 

43,094.2 

Fuei  Ceil  Operation  Hours 

3,705.3 

4,836.4 

5,970.3 

1,989.3 

4,253.3 

1,135.8 

21,890.5 

Fuei  Ceil  Outage  Hours 

958.9 

3,947.6 

2,789.7 

6,770.7 

4,506.7 

2,230.2 

21,203.7 

Availability 

79.4% 

55.1% 

68.2% 

22.7% 

48.6% 

33.7% 

50.8% 

Electric  Generation 

Total  Generation  (MWh) 

633.8 

838.8 

1,071.5 

315.8 

521.7 

140.8 

3,522.5 

Average  Rate  of  Generation  (kW) 

171.1 

173.4 

179.5 

158.8 

122.7 

124.0 

160.9 

Natural  Gas  Consumption 

Totai  Consumption  (Ft^) 

6,488,973.3 

8,339,251.1 

11,093,926.4 

3,419,098.2 

5,577,173.3 

1,514,140.0 

36,432,562.3 

Average  Rate  of  Consumption  Ft^/hr) 

1,751.3 

1,724.3 

1,858.2 

1,718.7 

1,311.3 

1,333.1 

1,664.3 

Heat  Recovery 

Total  Heat  Recovered  (MMBTU) 

214.64 

311.81 

325.11 

22.26 

18.21 

0.00 

892.0 

Average  Rate  of  Recovery  (kBTU/Hr) 

57.93 

64.47 

54.45 

11.19 

4.28 

0.00 

40.75 

Efficiencies 

Electrical  {%) 

32.4% 

33.3% 

32.0% 

30.6% 

31 .0% 

30.8% 

32.0% 

PURPA  (%) 

34.0% 

35.1% 

33.4% 

30.9% 

31.2% 

30.8% 

33.2% 

The  longest  continuous  period  of  operation  was  just  under  2,100  hours,  or 
about  3  months  and  the  longest  forced  outage  was  2,260  hours,  or  about  3 
months.  The  fuel  cell  stack  had  to  be  replaced  once  during  the  demonstration 
period  and  an  external  water  treatment  system  had  to  be  retrofit  to  the  fuel 
cell  due  to  high  conductivity  of  the  water.  A  total  of  36  outages  were  recorded 
with  33  outages  classified  as  a  forced  outage. 


At  the  completion  of  the  demonstration,  the  fuel  cell  was  not  functional  and 
the  Base  opted  not  to  invest  its  own  money  in  repairing,  operating  and  main¬ 
taining  the  fuel  cell.  In  accordance  with  the  demonstration  agreement,  the 
fuel  cell  was  removed  at  the  request  of  the  Base. 
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6.2  Lessons  Learned 

The  experience  of  installing,  operating  and  finally  decommissioning  the  fuel 
cell,  resulted  in  the  following  lessons  learned: 

•  High  conductivity  of  water,  particularly  due  to  the  hardness  of  the  water  in 
the  Southwest  region  of  the  United  States,  must  be  addressed  to  prevent 
negatively  impacting  the  performance  of  the  fuel  cell  stack. 

•  Installation  of  the  fuel  cell  was  a  relatively  straight  forward  process  with 
no  major  concerns  at  this  site.  The  installation  took  3V2  months. 

•  The  level  of  energy  savings  was  less  than  anticipated  due  to: 

o  the  average  fuel  cell  electrical  output,  which  was  only  161  kW  and  not 
the  anticipated  200  kW. 

o  the  fuel  cell  availability,  which  was  only  50.8%,  not  the  anticipated 
95%. 

o  the  level  of  heat  recovery,  which  averaged  approximately  6%  instead  of 
the  anticipated  60%. 

o  the  fuel  cell’s  potential  to  reduce  the  demand  of  the  Hospital  in  only  10 
of  the  59  months  of  the  demonstration. 

•  Most  of  the  forced  outages  were  categorized  as  “Other,”  which  accounted 
for  a  total  of  7,852  hours,  or  48%  of  the  forced  outage  down  time. 

•  The  average  duration  of  a  forced  outage  was  497.6  hours,  or  approxi¬ 
mately  21  days. 

•  The  maintenance  costs  averaged  $29, 100/year,  which  represents  an  aver¬ 
age  cost  of  4.12  cents/kWh.  This  does  not  include  the  equipment  cost  of 
the  replacement  cell  stack  or  the  reverse  osmosis  unit. 

•  The  average  fuel  cost  to  generate  electricity  was  5.2  cents/kWh  ($181,273  / 
3,522,500  kWh). 

•  The  average  operating  and  maintenance  costs  to  generate  electricity  was 
9.3  cents/kWh  (5.2  cents/kWh  [fuel  cost]  +  4.12  cents/kWh  [O&M  costs]). 
Note  that  this  does  not  include  the  value  of  the  heat  recovered  from  the 
fuel  cell.  Over  the  same  period  of  time,  the  cost  of  electricity  purchased 
from  SCE  averaged  9.2  cents/kWh. 

6.3  Recommendations 

The  review  and  analysis  of  the  200  kW  phosphoric  acid  fuel  cell  installed  at 
MCAGCC  Twentynine  Palms  resulted  in  several  recommendations: 

•  Water  Quality  Requirements.  UTC  Fuel  Cells  has  identified  through 
the  demonstration  that  the  hardness  of  the  water  impacts  the  fuel  cell  op¬ 
eration.  The  Twentynine  Palms  fuel  cell  required  the  installation  of  a  re¬ 
verse  osmosis  water  treatment  system.  It  is  recommended  that  further  re- 
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search  be  done  to  determine  the  hardness  level  at  which  the  fuel  cell  will 
require  an  RO  system 

•  Fuel  Cell  Eleetrieal  Effieieney  Trends.  The  analysis  of  the  electrical 
efficiency  trends  showed  that,  in  addition  to  the  number  of  load  hours, 
other  factors  affect  the  efficiency  degradation.  The  secondary  analysis  that 
was  conducted  based  on  evaluating  the  trends  between  major  system 
changes  did  not  substantially  improve  on  the  ability  to  better  quantify  the 
electrical  efficiency  degradation.  It  is  recommended  that  further  evalua¬ 
tion  be  done  to  qualify  the  trends  of  other  demonstration  fuel  cells  might 
provide  more  insight. 

•  Cell  Voltage  Trends.  The  analysis  of  the  cell  voltage  trends  showed  that 
the  rate  of  cell  voltage  reduction  was  greater  at  the  higher  electric  output 
levels  (200  kW  and  175  kW)  than  at  lower  electric  output  levels  (125  kW 
and  150  kW)  as  the  fuel  cell  load  hours  increase.  It  is  recommended  that 
these  trends  be  further  analyzed  to  see  if  this  consistent  with  other  fuel 
cells. 

•  System  Design  Improvements.  As  part  of  the  fuel  cell  demonstration 
and  overall  fuel  cell  development,  UTC  Fuel  Cells  refined  the  fuel  cell  de¬ 
sign  based  on  operational  experience  gained  through  the  operation  of  the 
fleet  of  fuel  cells.  These  improvements  and  modifications  were  classified 
as  retrofits.  The  details  of  the  retrofits  are  considered  proprietary  informa¬ 
tion  by  UTC  Fuel  Cells  and  are  not  available  for  this  report.  Investigation 
of  maintenance  activities  for  a  larger  number  of  B  type  fuel  cells  is  recom¬ 
mended  to  provide  greater  insight  into  the  modifications  to  the  fuel  cell 
design  that  can  be  attributed  to  the  demonstration  program. 
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Appendix  A;  Fuel  Cell  Acceptance  Test  Report 
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ONSI  CORPORATION 


01/23/95 


■  Following  a  normal  power  plant  start-up,  operate  at  IDLE  for  one  hour. 
At  the  completion  of  the  one  hour,  obtain  prints  of  the  following  five 
(5)  display  screens. 


KEY  PARAMETERS 
REACTANT  SUPPLY  SYSTEM 
STACK  LOOP,  ANC  LOOP,  fi  HTS 
ELECTRICAL  OVERVIEW 
POWER  CONDITIONER  SYSTEM 


(screen  09) 
(screen  10) 
(screen  11) 
(screen  14) 
(screen  25) 


m  In  the  grid  connect  mode  with  unity  power  factor  an<Lno  heat  recovery, 
operate  at  each  of  the  following  powers  for  one  hour.  After  one  hour 
obtain  prints  of  the  five  (5)  screen  displays  outlined  above.  Also 
perform  the  additional  demonstrations  at  100  KW  and  200  KW  listed 
below  which  are  accomplished  after  the  one  hour  hold.  The  required 
display  screen  prints  for  verification  are  shown  in  brackets  (}. 

*  SO  KW 

*  100  KW 

-  demonstrate  leading  and  lagging  power  factor  for  5  minutes 

B  max  leading  power  factor  up  to  0.85  within  llmitlations 
imposed  by  the  grid  (screen  14} 

B  0.85  lagging  power  factor  (screen  14} 

*  150  KW 

*  200  KW  (Rated  Power) 

-  demonstrate  <3%  harmonic  distortion  (using  THD  meter 
across  the  output  power  breaker) 

-  demonstrate  60  Hz  ±  3  Hz  frequency  [using  a  Fluke  Model  87 
True  RMS  Multimeter  or  equivalent] 

-  demonstrate  leading  and  lagging  power  factors  for  5  minutes 

B  maix  leading  power  factor  up  to  0.85  within  limitiatlons 
imposed  by  the  grid  (screen  14} 

B  0.85  lagging  power  factor  (screen  14} 

-  demonstrate  minimum  of  2  hours  of  heat  recovery  at  time 
of  normal  site  heat  usage  and  consistent  with  site  design 

B  (screen  09  at  beginning  and  end  of  demonstration 
plus  screen  11  at  beginning  and  every  hour  until 
heat  recovery  demonstration  completed} 

B  confirmation  of  1900  SCFH  ±  100  SCFH  natural  gas 
consumption  during  this  two  hour  hold 
■  Grid  Independent  operation  will  be  demonstrated  at  those  sites  where 
.  such  capability  is  installed,  at  power  conditions  consistent  with 
normal  site  demand.  After  one  hour  of  grid  independent  operation, 
each  of  the  five  (5)  screens  displays  noted  above  shall  be  printed  as 
verification. 

-  demonstrate  60  Hz  ±  3  Hz  frequency  [using  a  Fluke  Model  87 
True  RMS  Multimeter  or  equivalent] 

-  demonstrate  480  volts  ±  3% 
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357 . 7 

UEGF 

7E40C' 

SETPOINT 

36C  .6 

DEGF 

TE881  TEMP  TO  C'J^IT 

129.8 

DSGF 

K2COV 

3F.BD  HEAT 

rT} 

MSTU/HR 

7F42: 

POLISHER  7HM? 

74 . 5 

DEGE 

1T400  StPALfATOR  LEVEL 

11  4 

IN 

T2610 

GLYCCL  TEMP 

139.3 

DSGF 

?MF-1:r.  .STATUS 

Off 

73  160 

MOTOR  COMP  AIR 

64 . 9 

DEGF 

TEl  50 

MOT  COM?  AIP  IN 

67.6 

DSGF 

EjECTRrCAr,  T.TJlCJZJiC'i 

20 . 5 

<;N£XT  PAGE>  :<9y 

tc  view 

R.“.  data 
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K 3 ACTANT  ^irppr.v  f-YRTEM- 

Oe/l-j/95  :cc=  457.6  VDC=  226  ^Wacn?:'t=  4pJ  VT310DEL=  -0.53  R VENTS  0 


083 S ; 24 
P/P  9051 

FT012ACT=  38.3  TE400FT 

p  160  E  16C  s  ec  W  20 

-  358 

A  30  N 

■rE012rT=  1  524  ^  OVBHKIDS  0 

40  C  30  1  10  Q  5Cl^ 

rE012 

PEF  TUBE  TEMP  ■:pp:m_ARY> 

1524.3 

UEGF 

SETPOINT: 

1514.4 

TEOI 2R 

SEF  T'JBE  TEMP  '.BACKUP) 

1522, t 

CSGF 

REF/FUEL  CCliT  OUTPUT: 

’  .OS 

T20120EL 

SEP  TUBE  TEMP  DELTA 

1-7 

DGOF 

yT012ACT 

ACTUAL  MASS  FUEL  FLOW 

38.3 

PPM 

SETPOINT: 

37  .C 

FTD12 

UKCOftk.  MASS  FUEL  FLOW 

42.  C 

??H 

TEDil  FUEL  T£MP(DEGF) 

71.1 

SCFH 

ACTUAL  VOLUME  FUEL  FLOW- 

551.7 

CFII 

SETPOINT : 

900.4 

P'JELTCT 

TOTAL  F-J3L  CONSUMSU 

34C64 

SCF 

PT0i2  VENTURUPSIA) 

7 . 29 

2TC10 

EJECTOR  POSITION 

24.5 

i 

SETPOINT : 

23,3 

FHIMOtT 

PHI  MONITOR 

1.13 

STEAM  FLCW  5 . F . ( PPH ) ; 

143,8 

TS  3  50 

ANODE  INLET  TEMP 

396.6 

C'EG? 

TSC02 

EDS  ESO  TEMP 

500 . 1 

DEG? 

kTR002  STATUS: 

on 

3F?RE?  ESFCP.MSE  E?FIC:3NCV  50.7  i 


STACK  LOCP,  ANC  r.Og?  ,  S  WTS 

06/15/35  :DC=  455.9  VDC=  22  3  VT310D2L=  -0.73  EVENTS  0 

0545  :C6  PT0i2ACT^  41.2  TS400PT^  259*.'5'~^E0f2?T^  1511--'^^  OVEHRIDt  0 

P/P  9061  P  160  3  160  3  60  W  20  A  30  IT  40  C  30  0  10 


23400 

£3PAR.AtOH  THM?  i  PRIMARY  ;■ 

359 . 9 

DSGF 

SETPOINT: 

358.3 

TE40CR 

f.SPAEATOR  TEMP  (BACKUP) 

359.5 

DSGF 

ESP  TEMP  F.ACTOR(DEGFi 

1,0 

TE4C003L 

SE?  TEMP  DELTA 

0.4 

DE6F 

Lj  S  4  ^  L 

WATS?.  TANK  LEVEL  SWITCH 

On 

STK  FLOW  SW  (FS400) 

On 

T3431 

P0LISH3E  TEMP 

74.6 

DEGF 

?/W  TEM?  SW  (TS451J 

On 

TEeiO 

COEEENSOR  EXIT  TEMP 

139-9 

DSGF 

TEe20 

CUST  HEX  HOT  IN  TEMP 

173.8 

DEGF 

CUKH£ATSEC(MMBTUi 

1 .056 

TESeO 

CUST  HEX  CCLD  IH  TEMP 

172.9 

DEG? 

FT580  FLCW  (PPH) 

0 

TE881 

CUST  HEX  COLD  3X  TEMP 

123.6 

D33F 

HEAT  SEC  (MBTU/HR; 

0  0 

T3401 

STACK  COOLANT  INLET  TEMP 

339.0 

DEGF 

LT400 

SEPARATOR  LEVEL 

11 .2 

IN 

FMP451 

WTS  FEEDWATER  PUMP 

Olf 

OH  TIME,  MIN. (?W?"MP) ; 

0 

STASTTEHP 

TSM?  FOR  REF  HEATUP 

350.0 

DEGF 

:dcn3t 

NET  DC  CURRENT 

224.3 

AMPS 

nTP40c 

SLSMENT  "A" 

Off 

ELEMENT  *'C" 

on 

ELEMENT  "R” 

On 

ELSNSHT  "D" 

Off 
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cc>/:  5/S5  IDC-  47* 
0e*l!::35  F1'0:2AC7'= 

?/?  90S1  ?  teo  ?.  if)C 


E  C,  £■  C  rRlg/U._0VEiiVT;^W_ 

'•;'JC=  7.24  Xjij^C'ifETZ  30 . 2^  VT31DDEI, 
37.7  TE4C0F?r-^'!?^r’Tl[m?T3  1307  ^ 

ii  6C  W  20  A  30  K  40  C  30  L  10  f 


(TJ) 


■0.85  EVENTS 
OVEREIOBS 


0 

a 


ICADTIKE 

TOTAL  LO.AD  TIME 

68 

KR 

HOTTIMH 

TOTAL  HOT  TI.ME 

122 

H.E 

JBLV 

AVG  VOLTS  PER  CELL 

.  700 

V.'C 

AS? 

CURRENT  OEHSTTY 

64 

ASF 

KV/UC 

DC  KILOWATTS 

106.2 

KW 

VT310DSL 

DELTA  rlALl  STK  VCLT 

-0.65 

V 

VT31C  ;-iAL7  .STK  VOLT 

-0.01 

lUSTANT.AHBOUS  STK  AMPS 

465 

A 

3FFIKV 

INVERTER  5FT1CIEHCV 

98.  D 

H 

CELL  EFFICIENCY  (%i 

56.0 

SrPMECH 

MECHANICAL  EFFICIENCY 

43  .C 

S 

RE?  EFFICIENCY  (?) 

36 . 6 

EFJ  ELEC 

ELECTRICAL  EFFICIENCY 

23.0 

« 

HEAT  RATE  (BTU/KWHR) 

165C6 

.<W.ACNET 

NBT  AC  POWES 

SO.  2 

KW.AC 

DISPATCHED  POWER; 

50.0 

PF.ACT 

ACTUAL  POWEI-t  FACTOR 

-1  .  00 

- 

DISPATCHED  : 

1,00 

KVARNST 

NET  KVAE 

-1.1 

KVAP 

DISPATCHED  KVARr 

0,0 

KVANET 

NET  KVA 

49.7 

KVA 

PARPOWRR 

P.AP.ASITF  POWER 

55.0 

KW 

KW.ACGROS 

GROSS  AC  POWER 

105.2 

:<w 

MWHRSGR 

GHCSS  AC  MW  HRS 

2.549 

.MWHR 

HVTKP.SNST 

NET  AC  MW  HOUR.S 

0,922 

MWHR 

a6/l£.'95  :DC=-  462  V£'C= 

0846:35  FT01Z.*iCT=  40.4 
P/P  0061  e  160  R  160  S  6C 


POWSR  CONDI riONER  S Y ST EK 
124  ?5vfACMET^'^”49~?)  VT31.0DEL=  -0.80  EVENTS 

TE4C0FT=T5TTS  fl'oi'2FT=  1511.1^-^  OVERRIDE 
W  20  A  30  N  40  C  30  L  10  Cl  50^ 


0 

0 


PTOOlA 

INV 

AC 

VOLTAGE .PHASE 

A 

497,5 

V 

PTOCIB 

IHV 

AC 

VOLTAGE, PHASE 

E 

494.2 

V 

PTOOIC 

INV 

AC 

VOLTAGE .PHASE 

C 

493.2 

V 

CTO-OIA 

INV 

AC 

CURRENT, PHASE 

A 

53.7 

A 

CTOOlE 

INV 

AC 

CURRENT, PHASE 

B 

56.9 

A 

CTCOIC 

IKV 

r.v 

CURRENT, PRASE 

58.2 

A 

CURRENT 

UNBAL 

?T003,A 

NET 

AC 

VOLTAGE .PHASE 

A 

497.6 

ir 

f 

PTOOaB 

NET 

hC 

VOLTAGE . PHASE 

B 

496.3 

V 

PTO03C 

NET 

.AC 

VOLTAGE  ,  PtLASE 

C 

492.3 

V 

VOLTAGE 

UHBAL 

LINKVDC 

LINK  VOLTAGE 

599.7 

V 

7  .  b 

l.C 


PERCRO'ND  PSEC3HT  PUNDAMBSTAL  36.8  & 

PS3E2  PHASE  SKIRT  REQUEST  4.S  OEG 

MC30D'  G/Z  BREAKER  STATUS  Off 

MCB002  C-/C  BREAKER  STATUS  On 

MCB003  INTSR-riE  EFE.AKER  STAt  On 

INTCOUKT  INTERRUPT  COUNT  0 


ERDC/CERL  TR-06-17 


71 


KEY 

PARAM3 

?BRS  (ENGLISH 

UNITS ; 

P/P  9051  06/16/95 

1027: 

37 

EVENTS :  0 

CVERR 

IDS :  0 

P  160  R  160  S  60  W  20 

A  70  H  4Q_  C 

30  L  10  CT's^ 

P?W?F'f;UTP'jT  (  N2T  1  ' 

.  tOl.Q  ^WACj 

0?ERATIItG"l*T??E 

70.3 

HRS 

POWER  eJTPTJT  [GRO'^SI 

117.7 

KWAC 

POWER 

FACTOR 

0.99 

STACK  CURRENT 

539  .  E 

AMPS 

CUMULATIVE  POWER 

1.084 

MWHR 

ST.ACK  VCLTAGS 

220.9 

VOLTS 

HALF  STACK  VOLTAGE 

O.D3 

VOLTS 

VOIUMETHTC  FUEL  FLOW 

993.2 

SCFH 

FUEL  1 

FLOW  SETPOINT 

1002.5 

SCFH 

ACTUAL  FUEL  PLOW 

44,7 

P?K 

2T010  E.TECTOR  POSITION 

26  .  S 

S 

ZTOlO 

SETPOINT 

25.9 

% 

PHI  MONITOR 

1.05 

TOTAL 

FUEL  CONS 

35819 

SCF 

FT14C  BCRHER  AIK  FLOW 

215.1 

PPH 

Fri40 

SETPOINT 

319.3 

PPH 

T2012  REPORMBR  TSMP 

1521.2 

RE  OF 

ZTLlO 

POSITION 

48.7 

% 

TSOI  2?.  BACKUP  REF  TEMP 

1519.0 

DEGF 

TED12 

SBTPCINT 

152C  .  5 

DEGF 

TH002  HDS  TKM? 

510.7 

DEGF 

TK350 

ANODE  INLET  TEMP 

'  397.3 

DEGF 

TS40a?T  STEAM  SEP  TEMP 

355.3 

DEGF 

TB400 

SETPOINT 

356.8 

DEGF 

TESSl  TEMP  TO  OUST 

102. 5 

DEGF 

KBCOVERED  HEAT 

0  0 

MBTU/HR 

TE431 

POLISHER  TEMP 

82.3 

DEGF 

LT40a  SEPARATOR  LEVEL 

11 . 1 

;n 

Tsaio 

GLYCOL  TEMP 

140.6 

DBGF 

PMP451  STATUS 

01  f 

TEieO 

MOTOR  COMP  AIR 

74.4 

DEGF 

TS150 

MOT  COMP  AIR  IN 

69.8 

DEGF 

ELECTRICAL  EFFICIENCY 

37 . 3 

% 

press 

<NEXT  ?AGB>  key 

to  view 

PM  liatii 

REACT  ART 


OS, •15/95 

IDC-  521 .3  VDC=  222  C 

VT310DEL=  -0.80  EVENTS  0 

1026; 43 

FT012ACT=  44.4  TS400FT 

TBOT2F 

’T=  1522  OVERR 

IDE  0 

?/P  9C61 

P  150  R  ISO  S  60  W  20 

A  30  N 

40  C 

30  L  10 

■TE37  2 

RHF  TUBE  TEMP  (PRIMARY) 

1522.1 

DEGF 

.SETPOINT ; 

1519. 6 

TE012S 

RE?  T'JPE  TZMP  (EACK’JP) 

1520.4 

DEGF 

RE? /FUEL  CONT  OUTPUT: 

1.09 

TEC12DEL 

R3F  TUBE  TEMP  DELTA 

1,7 

DEGF 

FT012ACT 

ACTUAL  MASS  FUEL  FLOW 

44. 4 

PPH 

SETPOINT: 

43.5 

FT012 

UNCORK.  MASS  FUEL  FLOW 

50 . 7 

PPH 

TEOll  FUEL  TE.MP(DEGP) 

75.0 

SCFH 

ACTUAL  VOLUME  FUEL  FLOW- 

986.9 

CFH 

SETPOINT: 

957 . 6 

FUELTOT 

TOTAL  FUEL  CONSUMED 

35B36 

SCF 

PT012  VENTUKl.;  PSIA) 

6.85 

ETO 10 

EJECTOR  POSITION 

26.3 

1 

SETPOINT: 

25.3 

PKIMON 

PHI  MONITOR 

1.02 

STEAM  FLOW  S.F. (PPH)  : 

161  ,e 

TE350 

ANODE  INLET  TEMP 

393.2 

DSGr 

TEC02 

KDS  BED  TEMP 

510.2 

DEGF 

HTR002  STATUS; 

On 

78.9  % 


EFFREf 


ES FORMER  EFFICIENCY 
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STACK  LOO 

P,  ANC 

LOOP, 

&  WTS 

06/16/95 

:DC=  542.1  VDC-  251  C 

KWACN3T 

=  Q 

^  yT310DEL=  -0.21  EVENTS  0 

1059:46 

FT012ACT=  44.6  73400FT 

=  355.9' 

“'"teoi 

2FT-  1524  _  CVREPIDE  0 

P/P  9061 

P  160  R  160  S  60  W  20 

A  20  N 

4C  c 

30  L  1 0 

TE400 

SEFARA70K  TEMP  {PRIMAEV) 

357 . 2 

DEG? 

SSTPOINT 

356.7 

T3400a 

32PA2AT0R  TEMP  f BACKUP ) 

357.3 

DEGF 

SEP  rSM? 

FACTOR (DBG?) 

1 .  C- 

TS-tOODEL 

SKP  TEMP  DELTA 

O.D 

DE(5F 

C,S450 

WATER  TAHK  LEVEL  SWlTCJi 

Or. 

STX  FLOW 

SW  (FS400; 

On 

T2431 

POLISHER  TSMP 

81.6 

DECF 

F/W  TEMP 

-SW  (TS45L) 

On 

TE310 

COKDEKSOR  EXIT  TEMP 

139-9 

D£GF 

T382D 

COST  HEX  HOT  IN  TEMP 

160,6 

DHGF 

CUMHBATRKC(MMBT'J) 

1.C5B 

TE850 

GUST  KSX  COLD  IH  TEMP 

150.0 

DEGF 

FT86G  FLi 

□W  (PPH) 

0 

73681 

CU8T  HEX  COLD  ax  T3M? 

103.4 

DBGF 

HEAT  EEC 

(METU/HR) 

0  0 

TE401 

STACK  COOLANT  INLET  TEMP 

359,1 

DEGF 

LT400 

SEPARATOR  LEVEL 

10,8 

in 

PKP451 

WTS  FEEDWATER  P'JHP 

Oil 

ON  TIME, 

MIN. (FWFUMP) ; 

0 

SrAHTTEKP 

73MP  FOR  REF  HEATUP 

350.0 

DHGF 

TDCNET 

NET  DC  CURRENT 

544-5 

AMPS 

H7S40O 

ELEMENT  "A" 

Off 

ELEMENT 

"C" 

Off 

ELEMENT  "3'' 

Of: 

ELEMENT 

"D" 

Off 

3LECT|^ 

AT. 

C6/16/9S 

1DC=  535  VDC=  222  (.KW 

^NET^  . 

vr310DEL=  -0.84  EVENTS  0 

1031; 21 

FTOlCACTr  44.4  rE400FT 

=  356 

TK012E 

T=  1524  - - -  0VE3RIEES  0 

F/P  9061 

P  16Q  R  I6G  S  60  W  20 

A  30  N 

40  C 

20  L  10  50^ 

LGATTlMt 

TOTAL  LOAD  TIME 

70 

HR 

HOT TIME 

TOTAL  HOT  TIME 

123 

HR 

■CELV 

AVG  VOLTS  PER  CELL 

.  695 

V/C 

ASF 

CURRENT  DENSITY 

96 

ASF 

KWDC 

DC  KILOWATTS 

119.3 

KW 

VTaiODFL 

DELTA  HALF  STK  VOLT 

-0.84 

V 

VT310  TiALF  STK  VOLT 

-0.01 

IHST.ANTANEOUS  STK  amps 

539 

A 

EFFIHV 

INVERTER  EFFICIENCY 

98.0 

CELL  EFFICIENCY  (»i 

55 . 5 

EFFMECH 

MSCKAHICAL  EFFICIENCY 

86, 3 

i 

RKF  EFFICIENCY  («) 

79.6 

BFFHLaC 

ELECTRICAL  EFFICIENCY 

37.5- 

% 

HEAT  RATE  (ETU/KWHR) 

10093 

KWACHBT 

HHT  AC  POW2R 

100.2 

KWAC 

DISPATCHaO  POW3R; 

100.0 

FF.ACT 

ACTUAL  POWER  FACTOR 

-1.00 

- 

DISP.ATCEED  P.F.; 

1.00 

KV.ARNH7 

NET  KVAR 

-0.5 

KVAR 

DISPATCHED  KVAR: 

0.0 

K VANE 7 

NET  KVA 

100.4 

KVA 

PAR POWER 

PARASITE  POWER 

16.3 

KW 

KWACGR03 

GROSS  AC  POWER 

116 . 6 

KW 

HWHRSGR 

GROSS  AC  MW  HRS 

2.754 

mwkr 

MWHR3NET 

NET  -AC  MW  HOURS 

1 . 091 

MWHR 
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POW^  c QW.'J T 7IQNHE  SY STEH 

06  .•'16/95  ;DC=  539  VDC-  221  {kWaCWET^'^^'.  ^  Vr310EEL=  -5.60  EVENTS 
1032:46  FT012ACT=  44,5  •r3400Pf=356'ra"''''?g^r!7FT^  1523. OVEPBIDE 

F/?  9061  P  160  R  160  S  60  W  20  A  30  K  40  C  30  L 


FTOOIA 

IKV 

AC 

VOLTAGE  ,  PH.ASE 

A 

492. S 

V 

PTOOIE 

INV 

AC 

VOLTAGE .PHASE 

B 

490.1 

V 

PTOClC 

IITv' 

AC 

VOLTAG£,F}iAS3 

c 

450,5 

V 

CTIOIA 

INV 

.AC 

CURRENT .PHASE 

A 

ioa  .C 

A 

CTOOlE 

IN',’ 

Ac 

CURRENT .PHASE 

B 

116.2 

A 

CTOOiC 

THV 

AC 

CURRE. NT. PHASE 

c 

121.2 

A 

CURRENT 

UWBAL 

(3) 

to 

PT003A 

RET 

AC 

VOL  TAGS,  PliASE 

A 

493.1 

V 

PT003B 

NET 

AC 

VOLTAG3 .PHASE 

B 

49D.S 

V 

PT003C 

NET 

AC 

VOLTAGE, PHASE 

rj 

488.4 

V 

VOLTAGE 

UHEAL 

(3} 

l.G 

L.INK'i/OC 


LINK  VOLTAGE 


595.3 


PERCF'JNO  PEEC8MT  FUNDAMENTAL  86.3 

PSRSa  PHASE  SHIFT  REQUEST  6.5 

HCBOOl  G/T  BREAKER  ST.ATUE  Off 

MCB0C2  G/C  BREAKER  STATUS  Or. 

MCB002  INTER-TIE  BREAKER  STAT  On 

INTCOUNT  INTERRUPT  -COUNT  0 


% 

DSC 


■56/16/95 
1041:36 
P/P  9061 

LOADTIME 

HOTTIME 

CELV 

ASF 

KWZ'C 

VT31003L 

EFFINV 

3FFHSCH 

EFFSLSC 

K WAG NET 


FLECTEJ 

IDC=  546  VDC:^  2  21 
FT012ACT=-  4  5.0 
P  160  R  260  R  60  W  20 

TOTAL  LOAD  TIME 
TOTAL  HOT  TI.ME 
AVG  VOLTS  PER  -CELL 
CURRENT  DENSITY 
DC  KILOWATTS 
OELT.A  HAL?  STK  VOLT 
INSTANTANEOUS  STK  AMPS 
INVERTER  EFFICIENCY 
MECHANICAL  EFFICIENCY 
ELECTRICAL  EFFICIENCY 


QVERVIi 

kCHSt^^l DO . ] 


VT31DD3L=  -0.80  EVENTS  0 


.  30^  N 

■TWr2 

40  C 

FTt  1529  OVERSII 

20  L  10  CQ^ 

;es  0 

70 

HR 

124 

HR 

.591 

V.'C 

98 

ASF 

121,1 

KW 

-0 . 80 

V 

VT310  HALF  STK  VOLT 

D.D2 

542 

A 

97.9 

5 

CELL  EFFICIENCY  {%} 

55.4 

84.6 

\ 

REF  EFFICIENCY  (S) 

77.5 

35.5 

i 

HEAT  RATS  (BTO/KWHR) 

10669 

100.1 

KWAC 

prsPATCHED  POWER:  _  _ 

100. 0 

xVarkbt 

45.9 

K.VAR 

KVANET 

NET  KVA 

110.6 

KVA 

PAEPOWER 

PAFJVKITE  POWER 

18.3 

KW 

XWACGrOS 

GROSS  AC  POWER 

118,4 

KW 

MWHRSGR 

G.90SS  AC  KW  KRS 

2,773 

KWHR 

MWKRSKST 

NET  AC  MW  HOURS 

1.107 

HWHR 

DISPATCHED  KVAR: 


61.9 


<.>  o 
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SL3CTE 

OS/ie/5!: 

TDC=  542  ’OC-  221  C 

KWACNE'T= 

5/  VT’lODELr  -O.aO  fi VENTS  0 

1051:11 

FT0l2ACT=  45.6  TE40Q 

^=  3^ 

■"wr 

2?T=  1521  ,,^,^_^CVERHrDES  0 

?/?  3061 

F  160  R  160  a  60  W  20 

A  30  N  40 

C  30  L  10  50^ 

LOADTIMK 

TOTAL  LOAD  TIKE 

70 

RE 

KOTTlMt 

TOTAL  EOT  TIME 

124 

HE 

CEIV 

AVG  VOLTS  PER  CBLL 

,690 

Vy'C 

ARF 

CURRENT  DENSITY 

37 

ASF 

KWDC 

DC  KILOWATTS 

120.1 

KW 

VT31CDEI, 

DELTA  HALE  STK  VOLT 

-G .  80 

V 

VT310  HALF  STK  VOLT 

0.02 

INSTANTANEOUS  STK  AMPS 

544 

A 

EFFTKV 

INVERTER  SFPrciENCY 

97  .  7 

% 

CELL  EFFICIENCY  (fc) 

55.2 

2FFME0H 

MECHANICAL  EFFICISNCY 

35 . 3 

« 

REF  EFFICIENCY  (4} 

78.5 

EFPELEO 

ELECTRICAL  EFFICIENCY 

26.  S 

i 

HEAT  EATS  (BTU/KVfflR) 

10415 

KWACHETL  _ 

NET  AC  POWER _ 

lOC-5 

KHAC 

DISPATCHED  PCWEl-i; 

100.0 

1  P?ACt\/  .  ACTUAL  POWER  FACTOR 

1  - 

CdTspatChsd  f.f,;  7  ^ 

■'-^’.85'> 

SVARHET  NET  KVAR  ' 

-59. “O' 

KVAil 

DISPATCHED  KVSR : 

KVANET 

NET  KVA 

116-8 

KVA 

FASPOWER 

PARASITE  POWER 

18. 1 

KW 

KWACGFOS 

GROSS  AC  POWB?, 

119.0 

KW 

MWHRSGR 

GROSS  AC  MW  KE2 

2.793 

MWK3 

MwHRSMET 

NET  AC  MW  HOURS 

1.124 

MWHR 

KEY  ?AR.\MET-PS  'lENGLISfl  'JHITSi 


1201 : &7 
^  _:•()_  «  4a  r 
'150 .r  KWAC) 
-J.W 


E75BT5 : _  0 

oO  o  10 

opEiiA'i :  N'jrmE 
rOWKS  FACTOR 
CUMULATIVE  POWER 
KAL?  STACK  VOLTAGE 


VOLUMETRIC  FUEL  FLOW 

1457.4 

ACTUAL  FUEL  FLCW 

65  6 

^TOIO  EJECTOR  POSITION 

43.2 

ph:  monitor 

1 .  r.  5 

7^40  3LP.HER  AIR  FLOW 

4  38 . 9 

te:'12  p "Former  temp 

15S7  -  6 

TE01  2.Y  EACSUP  REF  TEMP 

1532.0 

T’lOl  HDS  TEMP 

537.1 

TF4C0FT  STEAM  SEP  TEMP 

342.1 

TESOl  TE.MP  TO  CCST 

94-0 

Lr400  SSPAR-ATOR  LEVEL 

11,3 

?Mr4hl  3T.ATUS 

Off 

RI.FCTEICAL  EFFICIENCY 

3£  .  5 

SCrK  FUEL  FLOW  SETPOIM' 

ODM 


4 

Li:i3 

TOTAL 

SETPOINT 
?V2L  CONS 

??1I 

FT  140 

SETPOINT 

DFGF 

3T1  !  0 

POSITION 

D3G? 

TB  V 12 

SETPOINT 

DEGF 

TE350 

ANODE  INLET  TEM? 

DZG? 

T34Q0 

SETPOINT 

DECK 

RECOVERED  HEAT 

TE431  FCLISKER  TEM? 

IN 

TE3iD 

7E160 

TElbO 

C-LYCCL  TEMP 

HCTCR  COM?  AIR 
MOT  COMP  AIR  IN 

4 

press 

-tNEXT  P.AGZ>  hey 

OVERRIDE :  C 


VI  .9 

HRS 

-1.00 

1 . 295 

MWHK 

0.1b 

VOLTS 

145S.  7 

SCFH 

42.1 

% 

37925 

acF 

-135 . 2 

PPH 

63.1 

1556 . 6 

DEGF 

399.5 

DEGF 

343.4 

DEG? 

0  0 

MBTU/HR 

86.5 

DEG? 

155.5 

DEGF 

74.2 

DEGF 

73.5 

OSGF 

t.n  view 

RM  data 
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1203  : 
f/?  ^061 

?2"1  2 

?ZD12D’T. 

?r012ACT 

SCEK 

i'VSLTCr 

3TC  10 

r-KIMON 
C'E3  53 


rsoC'2 


EKi'xEF 


C6/16/96 
1205:01 
P/P  9061 

T240C 

tE40CR 

TE403DEL 

LiJ450 

TE431 

■2381D 

TE820 

TE880 

TESei 

TE401 

L14  0C 

PMP451 

STAHTTHMP 

;Dcr<£T 

iIT?.400 


142  ACT  ANT  £1?P2V  S'/STSH 


:DC.=  SCO.  6  VljC=  212 

VTllODtL-  -C-.67  EVENTS  0 

FTOIXACT-  Hfi.'r-.  TS4  0C 

FT-  34T 

TE012F 

T^  1599  ^  OVR 

RKIDE  G 

P  160  ?.  160  ?,  60  W  20 

.A  jC  N 

40  C 

3C  L  IC 

REF  TUBE  TEMP  (PRIMARY 

j  1599.9 

DEC-7 

B3TPOINT; 

159  7.1 

R2r  TUBE  rSMP  (BACKUP; 

1505 . 6 

Di’GF 

REF /FUEL  CONI  OUTPUT 

:  1.07 

E2f  TUBE  TEMP  DELTA 

5.7 

DEC-P 

A.CTUAL  MAES  FUEL  PLCW 

66 . 5 

PPH 

SETPOINT; 

65.6 

VHCORE.  MASS  FUEL  FLOW 

■JI  .  1 

PPH 

TSOll  FUEL  TEMP'IEKSF 

i  76,8 

.ACTUAL  VOLUME  FUEL  FLOW  1477.  C 

CFH 

SETPOINT; 

1460. i 

TOT.AL  FUEL  CONSUMED 

379S0 

SCF 

PT012  V-NTUHI rPSlA) 

7.85 

E.TECTOR  POSITION 

42.1 

% 

SETPOINT; 

41.2 

?HT  MONITOR 

1 .01 

STEAM  FlCW  i.F.ri-’PH; 

;  242.2 

.ANCLE  INLET  TE.MP 

2  F  9 . 1 

D3GF 

HD 5  RED  TF.MP 

52  7.9 

DEG  7 

HTE002  STATUS; 

Off 

:SC?.y.3r,  37FIC:3NCY 


S  C  .  e  'i 


STACK  LOOP,  AKC  LOOP ,  i  WTS 

:dc=  806.7  VDC=  212  <Sw?n?tT?''rTr5l?  VTaiODKL=  -C.t"  EVENTS  0 
?T012ACT=  66.2  TE400ft7349  1606  _  OVERRIDE  0 

P  160  R  160  S  60  W  20  A  30  N  40  C  30  L  10  O_50^ 


SEPARATOR  TEMP  'PRIMARY)  243.6 
SEPAP..ATCR  TEMP  {BACKUP}  248.7 
SEP  TEMP  DELT.A  5 . 6 

WATER  TANK  LEVEL  SWITCH  On 

POLISHES  TEMP  84.5 

COKDENSOR  EXIT  TEMP  157.5 

COST  HEX  KCT  IN  TEMP  189.8 

COST  HEX  COLD  IN  TSM?  156.8 
OUST  HEX  COLD  EX  TEMP  95. 0 

STACK  COOLANT  INLET  TEMP  308.0 
SEPARATOR  LEVEL  10 . 8 

WTS  FEEDWATER  PUMP  On 

TEMP  FOR  REF  HEATUP  350. 0 

NET  DC  CURRENT  809.4 

ELEMENT  "A"  Off 

ELEMENT  "B"  Off 


DEG? 

SETPOINT; 

348 . 5 

DEGP 

SEP  TEMP  FACTOR (DEGF) 

0,9 

DEGF 

STK  FLOW  SW  (FS400) 

On 

DSGF 

DBG? 

F/W  TEMP  SW  (TS451) 

On 

OEGF 

CUMHEATREC  (MMBT'J  ) 

1.035 

DESF 

FTSSO  FLOW  (?PH) 

0 

D3GF 

HEAT  REC  (MBTU/HR) 

0  C 

DEGF 

IN 

ON  TIME,  MIN. (FWPUMP} : 

0 

C3G? 

AMPS 

ELEMENT  ”C" 

Off 

ELEMENT  "D" 

Off 
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Fr.RfTJ^TCAT.  r'VRP.VJI-W 

06/1S/95  IDC=  79';  VOC=  212  ^ ^ vraiCDEL=  -0.65  EV3KTS  0 


1206 : 00 

FTC12ACT=  64.1  TE4C^ 

‘TKOT23 

■T=  1607  OVERRIDE 

30  L  ID 

S  0 

F/P  9061 

P16aR360360  W20 

A  30  N 

40  C 

OOAOTIME 

TOTAL  T.OAE  TIME 

VI 

HF 

HOT TIME 

TOTAL  HOT  TIME 

125 

MS 

CELV 

AVG  VOLTS  PER  CELL 

.  664 

V/C 

ASF 

CURRENT  DENSITY 

142 

ASF 

.<WDC 

DC  KILOWATTS 

166,9 

KW 

VT310DBL 

DELTA  HALF  STK  VOLT 

-Q .  65 

V 

VT310  HALF  STK  VOLT 

0.18 

INSTANTANEOUS  STK  AMPS 

802 

A 

EFi'IKV 

INV3RTER  EFFICIENCY 

97  .  6 

t 

CELL  EFFICIENCY  {% ) 

53.1 

EFFMSCK 

MECHANICAL  EFFICIENCY 

90.1 

% 

R£F  EFFICIENCY  (i) 

82.0 

2PFELEC 

ELECTRICAL  SFFICISNCY 

38.2 

% 

HEAT  RATE  {BTU/KWHRj 

9919 

KWACNET 

NET  AC  POWER 

145,8 

KHAC 

DISPATCHED  POWER; 

160.0 

PjAOT 

ACTUAL  POWER  FACTOR 

-l.CO 

- 

DISPATCHED  P . F . : 

1.00 

KVARNET 

NET  KVAR 

-1.3 

KVA?, 

DI.SP.ArCH3D  XVAR: 

0.0 

KV.nNET 

NET  XVA 

143.3 

KVA 

PAP POWER 

PARAS1T3  POWER 

15,3 

KW 

KWACGRCS 

GROSS  AC  POWER 

164.7 

KW 

MHHRSG?. 

GROSS  AC  MW  HRS 

2.996 

MWHR 

MWHESRBT 

NET  AC  MW  HOURS 

1.30V 

MWH3 

C 6 /1 6, '9 5  IDC=  301  VDC= 
1200:59  F?012ACT-  64.0 

P/P  9061  =■  160  R  160  S  60 


^EH  CONnTJTpNPR  SY STEM 
CKWACirBr=15oTly  VT  31  DUEL-  -D.65 
IJFT-  1599.5^ 

W  20  A  30  K  40  n  30  L  10 


POW 

212 
TE4C0FT 


<55) 


EVENTS 

GVEERLJlE 


0 

0 


PTDOIA 

INV 

AC 

VOLTAGE . PH AS 3 

A 

498.2 

V 

PTOOlB 

IKV 

AC 

VOLTAGE . PHASE 

s 

496.3 

V 

PTQCIC 

INV 

AC 

VOLTAGE , PHASE 

c 

496.5 

V 

CTDOIA 

INV 

AC 

CURRENT, PKAS3 

A 

164.0 

A 

CTO DID 

INV 

AC 

CURRENT, PHASE 

B 

176.0 

A 

CTOOIC 

INV 

AC 

CURRENT .PHASE 

179.6 

A 

CURRENT 

UMBAL 

PTC03A 

NET 

AC 

VOLTAGE, PHASE 

A 

497.1 

V 

PTQOOB 

N2T 

AC 

VOLT AGE, PHASE 

B 

495,8 

V 

PTO03C 

NET 

AC 

VOLT.A63  .PHASE 

C 

491.9 

V 

VOLTAGE 

UNBAL 

LIKKVDC 

LINK  VOLTAGE 

639.6 

V 

9 . 1 


1,0 


PERCFUND 

PERCENT  FUNDAMENTAL 

88.8 

% 

PSBEQ 

PHASE  SHIFT  R3QUEST 

6.9 

DSC 

MCBOOl 

G/I  BREAKER  STATUS 

Oii 

HC3002 

G/C  BREAKER  STATUS 

On 

MCB003 

IN TER -TIE  BREAKER  ST AT 

On 

INTCOUNT 

INTERRUPT  COUNT 

0 
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KEY  PASAMETEkS  (ENGLISH  VNITS) 


..'P  9061  06/20/95 

1746: 

14 

BVBNTSj_o 

OVERRIDE;  0 

1  gn  R  ,•*  fit)  .g  6{)  W  2  0 

.  A  30  N 

30  L  10  (Flo 

yrim.  'Su^UTifNFThT^ 

OPERATING  tWe 

150.1 

HP.S 

kwaiT 

POWER  FACTOR 

-1  .  oc 

TACK  CURRENT 

1034.4 

AMPS 

CUMULATIVE  POWER 

11.584 

MWHR 

TACK  V0LTAG3 

207-0 

VOLTS 

■lALF  Sr.ACK  VOLT.AGE 

0.49 

VOLTS 

OL.UMETR1C  FUEL  FLOW 

1975.1 

3CFH 

FUEL  FLOW  SBTPOlNT 

1992.6 

SCFR 

■.CTUAL  FUEL  FLOW 

38 . 9 

FPH 

TOlO  EJSCTCE  POSITION 

66.7 

« 

ZTOlO  SET&OINT 

66.2 

% 

}!1  MONITOR 

1.00 

TOTAL  FUEL  CONS 

133496 

SCF 

T140  BURNER  AIR  FLOW 

555.9 

PPH 

PT140  SETPOINT 

533.3 

PPH 

’3012  ESPORMER  TEMP 

1663.2 

DBGP 

STllO  POSITION 

84. 0 

% 

SOUR  BACKUP  REF  TEKP 

1S76.0 

DEGP 

TSOU  SSTPOIIiT 

1855. f 

OEGiF 

’E002  HDS  TEMP 

581.9 

OBGF 

TE350  ANOOS  INLET  TEMP  407. 3 

BEGF 

E4O0FT  steam  SEP  TEMP 

350.5 

OEGF 

TE400  SETPOINT 

350.1 

DBGP 

:336i  temp  to  C’JST 

177.1 

DSGP 

RECOVERED  heat 

254 

MBTU/HR 

TE431  POLtSKEfi  TSMP 

119.0 

0BGF 

,T4DQ  SEP.ARATOR  LEVEL 

;i  .2 

•N 

TESlO  GLYCOL  THM? 

153.3 

DEGF 

rM?451  STATUS 

Off 

TB160  MOTOR  COMP  AIR 

113.1 

OEGF 

TE150  MOT  COMP  AIR  IN 

99.2 

DEGF 

LECTRICAL  EPFICISWCY 

36 . 2 

press  <NEXT  ?AG3>  key 

to  view 

RM  data 

REACIAKT  SUPPLYSYSTSIl 

C6/20/93  IDC=  1085.5  VDC=  207  VT3100EL=  -0,36  EVENTS 

1746:55  PT012ACT:i  63.2  TE400FT^^''T5T~'TeC125t=  1656  -r— ^  OVENFIDB 
P/?  9061  P  160  Z  160  S  60  W  20  A  30  N  40  C  30  L  10  (l  5^ 


0 

0 


73312 

RE?  TUBE  TEMP  {PRIMARY) 

1657.1 

CEGF 

SETPOINT; 

1655.2 

TE012R 

REF  TVaB  TEMP  (BACKUP) 

1670.2 

CEGF 

REF /FUEL  CONT  OUTPUT; 

l.OS 

7E312DHL 

RRF  TUBE  TEMP  DELTA 

14 . 5 

DEG? 

FT012ACT 

ACTUAL  MASS  FUEL  PLOW 

88.3 

FPH 

SETPOINT; 

69.3 

FTC  12 

UNCORR.  MASS  FUEL  FLOW 

91.7 

PPH 

TgOll  FUEL  TSMP (DEGF) 

99,0 

SCFH 

ACTUAL  VOLUME  FUEL  PLOW 

1962.2 

CFH 

SETPOINT: 

1996.0 

FUELTOT 

TOTAL  FUEL  CONSUMED 

139496 

SCF 

PT012  VENTURI(PSIA) 

8.70 

2TC13 

EJECTOR  POSITION 

65.8 

i 

SETPOINT: 

65. 7 

PH I MON 

PHI  MONITOR 

1.02 

STEAM  PLOW  S.F. (PPH) : 

322-3 

T3350 

ANODE  INLET  TEMP 

407.4 

D3G? 

TE002 

HDS  BED  TBMP 

582.6 

DEGF 

HTRO02  STATUS: 

Off 

2FPEBF  REPCRMER  EFFICIENCY 


81.2  % 
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STACK  LOOP.  AHC  LOOP ,  .  S.  WTS 


06/20/95 

:DC=  1089  .  C  VDC=  207 

r'^'ToS  VT31CDEL=  -0,37  EVENTS  0 

FT012ACT=  90.8  TS400FT 

=  swrr 

IFT^  1651 _ _  OVERRIDE  0 

?/?  30  fj'. 

P  150  F  160  S  60  W  20 

A  30  N 

40  C 

30  L  10 

TE400 

SEPARATOR  TEKP  1  PRIMARY ) 

351.1 

DEGF 

SETPOINT: 

350.4 

TE400P 

SEPARATOR  IBM?  (BACKUP) 

350.7 

DEG? 

SEP  TSH?  factor; DEGF) 

0.9 

TE4C0DEL 

SEP  TEHP  DBLTA 

0 . 4 

DEGF 

LS45a 

WATER  TANK  LEVEL  SWITCH 

Or 

STK  FLOW  SK  (FS400) 

On 

rE4  31 

POLISHER  TEMP 

115.0 

DEGF 

F/W  TEHP  SW  (rS451) 

on 

TB31C 

COSDENSOR  EXIT  TEMP 

153.3 

DEGF 

TESSO 

CUSr  HEX  HOT  IK  TBMP 

177.5 

DEGF 

CUMK  EATfi  EC ( MMBTU ) 

1.21C 

TSS80 

CUST  HEX  COLD  IK  TEM? 

105.4 

DEGF 

FT88C  FLOW  (PPH) 

2762 

Tsea: 

COST  HEX  COLO  EX  TEHP 

178,5 

DEGF 

HEAT  REC  (MBTU/HR) 

202 

IE401 

STACK  COOLANT  INLET  TEMP 

316.6 

DEGF 

LTiOD 

SEP-ASATCR  L2VBL 

10.8 

IN 

FMP451 

WTS  FEEDWATER  PUMP 

On 

ON  TIME,  MIN. (FWPUMP) : 

0 

ST.!^3TrSMP 

TEMP  FOR  REF  HEATUP 

550.0 

DBG? 

IDCKBT 

NET  DC  CURRENT 

1092.8 

AHPS 

aTRiOO 

ELEMENT  "A" 

Off 

ELEMENT  "C” 

Off 

ELEMENT  "B" 

Off 

ELEMENT  "D" 

Off 

ovgr^ 


06  .■20/9  5 

IDC=  1092  VDC=  207  IKVJAC^T-"  139.71 

VT21DDEL=  -0-36  BVENTS  0 

1748:44 

i?T012ACT=  92,5  re400PT 

7ffI5T2FT=  1658 _ ^^CVERRIDES  U 

p/?  9061 

P  160  R  160  S  60  W  20 

A  30  N 

4D  C 

30  L  13  5^ 

LOADTIHE 

TOTAL  LOAD  TIME 

15C 

HP. 

y  f!??  TSI2 

TOTAL  HOT  TIME 

210 

HR 

C3LV 

AVG  VOLTS  PBS  CELL 

.646 

V/C 

ASr 

CURRENT  DENSITY 

194 

ASP 

KWDC 

DC  KILOWATTS 

224.5 

KW 

oT'EL 

DELTA  HALF  STK  VOLT 

-0.36 

V 

VT310  HALF  STK  VOLT 

0 . 46 

INSTANTANEOUS  STK  AMPS 

1078 

A 

EFFINV 

INVERTER  EFFICIENCY 

96.0 

% 

CELL  EFFICIENCY  (%) 

51 . 7 

EFFM2CH 

MECHANICAL  EFFICIENCY 

92.4 

i 

REF  EFFICIENCY  (%) 

79 . 2 

BFFELSC 

ELECTRICAL  BFYICIKHCY 

26.3 

4 

HRAT  RATE  (BTU/KVfflR) 

10433 

KW.ACKBT 

NET  AC  POWER 

199.9 

KWAC 

DISPATCHED  POWER; 

200,0 

PFACT 

ACTUAL  POWER  FACTOR 

-1,00 

- 

DISPATCHED  P.P.i 

1 . 00 

KVAKNET 

NET  KVAR 

-0.7 

KVAR 

DISPATCHED  KVAR; 

0,0 

KV.ANET 

KST  KVA 

200.2 

KVA 

PAEPDW3R 

PARASITE  POWER 

16.8 

KW 

KWACGROS 

GROSS  AC  POWER 

216.2 

EW 

MtfKRSGR 

GROGS  AC  MW  HRS 

14.713 

MWKR 

mwhesnet 

NET  AC  MW  HOURS 

11 . 591 

KNHE 
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C6/20/95 
1749:30 
f  .'P  9001 


IDC=  1086  VCC= 
Fr012AC'r-  89,7 
P  160  R  160  S  $0 


POWER  COHIiiriCmBK. 

207 

TE400?T=  I'll .  i  "TE?5t: 
W  20  A  30  N  40  C 


SYSTEM 

U  VT310DEL-  -0.35  EVENTS 
rFT=  1659.  OVERRIDE 
20  L  10  (T  5^ 


0 

0 


PTOOIA  :NV  .AC  VOf.TAGa.PHASS  A  49:.  2  V 
PTOOIE  INV  AC  VOLTAGE, PHASE  B  489.9  V 
PTOOiC  IHV  AC  VOLT AGE, PHAGE  C  489.5  V 
CTOCIA  TKV  AC  current, PHASE  A  225.1  A 
CTOOIE  IMV  AC  CURRENT, PHASE  B  242.1  A 

CTOCIC  TKV  AC  CURRENT, PHASE  C  239.5  A  CURRENT  UNBAL  (%)  7,1 


PTDC3A  NET  AC  VOLTAGE .PHASE  A  459.5  V 

PT0033  NET  AC  VO LT.A3E,  PHASE  B  486.3  V 

PT003C  NET  AC  VOLTAGE .PHASE  C  484.2  V  VOLTAGE  UNBAL  (*}  1.1 

LINKVDC  linp:  voltage  599.9  V 


PEP.CFUND 

PERCSKT  FUNOANEHTAL 

38,8 

% 

PSE2Q 

PHASE  SHIFT  REQUEST 

8.8 

DEG 

MCBOOl 

G/T  3REAKEF.  STATUS 

Off 

MCE0O2 

G./C  BREAKER  STATUS 

Or. 

MCB0G3 

INTER-TIE  BRSAK3R  ST AT 

On 

I.'ITCCCNT 

INTEERUPT  COUNT 

0 
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T  (3T:  PnV,  lC.  \  OvA 


Q  0\TSi'0  <  •3  .  C  Q  Vo 

'Cl  *. 


0G.'20^3’3 

l.OLTS  =  4fc'3.T' 

FMPS  "  0.  04 

^«TTS  H  17 

F  .  F .  ♦  1 .  ao 


HftP  r 

PWR  = 

0 

i^ppr 

cx  TDF 

=  0.95 

klOLTS 

AMPS 

TIF 

THC 

77 

17. 393: 

F 

474. 3U 

0 . 04F9 

2 

0 , 46-/; 

13.04  V: 

3 

0 . 40V: 

4 , 3^  ^ 

4 

0 .  oev: 

4 . 353: 

5 

0 . 84J? 

4.35  3: 

& 

0 . 04V: 

0  .  @  B  '4 

7 

0 . 32*4 

4 . 353: 

8 

0 .  e4'4 

0 . 003: 

9 

0 . 06V: 

e .  @03: 

1  Q 

0 . 0av; 

4.  333: 

1 1 

0 . 4ev{ 

4.  353: 

12 

0, 025: 

0.  005: 

13 

0. 3851 

4. 355( 

14 

e.  025: 

0. 005: 

tfi 

0«  023: 

0. 005: 

16 

0. 02*4 

0. 003; 

17 

0.043: 

0. 003: 

18 

0. 025: 

0. 005: 

19 

0.023: 

0. 805: 

20 

0.  02;: 

0. 005: 

21 

0.  005i 

0 . 805: 

22 

0.023: 

0.  @0'4 

23 

0.  @43: 

4 . 355: 

24 

0.  003: 

0 .  @03: 

23 

0«  003: 

0.00  V. 
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’O  ■-  tO.Qsl  ViT 

<eCJ’X^ 


06/20/^5 
^S22:17 
?/?  9061  F  l£0 


E L E " '7?Tr>f, 

IDC-  1093  VDC-  207  rftWACMBT=  2'OC.i^  VT310DEL=  -0,40  EVENTS  0 
PT01'’AC?=  90.1  TE40  0Ft1  3'5f  "7!EW2lr=  1661  _ _ OVEEHIDES  0 


R  160  S  60  W  20 


LOAD tl HE  TOTAL  LCAE  TIME 

HOTTIHE  TOTAL  HOT  TIME 

CHLV  .WG  VOLTS  PER  CELL 

.ASF  CURREHT  DEMSITY 

KWEC  DC  StlLOWATTS 

VTJlODEu  DELTA  HALF  STK  VOLT 

INSTANTANEOUS  STH  AMPS 
3F7TKV  INVERTER  BFFICIENCY 
EFFMBCH  MECHANICAL  EFFICIENCY 

rFFELHC  ELECTRICAL  EFFICIENCY 

j^g-eogsB - 

PFACT  JVCTUAL  POWER  FACTOR 

WSir 


KVARNET 

KVANET 

FAR POWER 

KWACGROS 

MWHESGR 

KWHRSNET 


he 

NET  KVA 

PARASITE  POWER 
GROSS  AC  POWER 
GROSS  AC  MW. HRS 
NET  AC  MW  HOURS 


A  30  If 

40  ; 

ISO 

HR 

211 

HS 

.  646 

V/C 

196 

ASF 

226.7 

KW 

-0 . 40 

V 

1091 

A 

95.6 

1 

92.2 

% 

36.5 

% 

200.2 

KWAC 
}  - 

2  5 1 

KVAR 

202.0 

KVA 

16.1 

KW 

216 . 4 

KW 

14.641 

MWH5 

11.704 

hWKR 

C  3D  L  10 


VT31D  HALF  STK  VOLT 

CELL  EFFICIENCY  (%) 
REF  EFFICIENCY  <%) 
HEAT  RATE  (BTV/KWHR) 


0.  43 
51.7 

ei  .1 

10265 
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ELECTS 

[iCALOTEi] 

C6/2C,'55 

IDC=  1110  VDC=  206  CtW.ACngTr 

250, 

1829:02 

PT012AC?=  as. 8  teiocftT  sTT" 

'■^styr 

PyP  906 

:  P  160  R  160  S  60  W  20 

A  20  N 

40  1 

LOADTTMK 

TOTAL  LOAD  TIMS 

150 

HR 

MOTT I ME 

TOTAL  HOT  TIMS 

211 

KR 

CELV 

AV6  VOLTS  PER  CELL 

.645 

V/C 

ASF 

CURRENT  DENSITY 

198 

.ASF 

KWDC 

DC  KILOWATTS 

229.1 

KW 

VT310DEL 

DELTA  HALF  STK  VOLT 

-0.39 

V 

INSTAFTAHEOUS  STK  AMPS 

1113 

A 

BFFINV 

INVBRTER  SFFTCIBHCY 

95 . 2 

i 

EPFHECH 

M3CHAMCAL  EFFICIENCY 

92.4 

A 

KFFELEC 

ELECTRICAL  EFFICIENCY 

37.1 

i 

KWAI1NRT_ 

.  NETL  ACPOMF.^ 

.  19Q.7 

KWAC 

EPACT  ^  ACTUAL  POWER  FACTOR  . 

KVARNET 

NET  K.VAE 

-122 . 6 

KVAS 

KVAffBT 

NET  KVA 

234. S 

KVA 

F.iR  POWER 

PARASITE  POWER 

17,4 

KW 

KWACGROS 

GROSS  AC  POWER 

217.2 

KW 

MWHRSGP. 

GROSS  AC  MW  HRS 

14 . 866 

MWHP 

MWHRENBT 

NET  AC  MW  HOURS 

11.724 

MWHR 

VT310DSL=  -0.30  BVEKTS 


1656 
L  10 


OVERRIDES 


VT310  HAL?  STK  VOLT 

CELL  EFFICIBMCY  <%) 
REF  EFFICIENCY  (%) 
HEAT  RATS  (RTU/KWUR) 


PI  SFATCliRD  POWER : 

PI  spatchISkvaR: 


0,43 

51.6 

82.0 

10198 

20^ 


-123 . 9 


KEY  PARAMETERS  (ENGLISH  UNITS! 


?/?  9061  06/20/95 

F  1 60  R  160  S  60  W  20 

1834; 
A  30 -H 

08 

40  C 

EVENTS ;  0 

30  L  10  I"!  5^1 

OVERSIDE:  0 

csSsIostIvt  iNSTT'"!:::: 

.  200. 

)  KWAC 

OPERATING  TIME 

150.9 

RRS 

POWER  OUTP'JT";yi!fiS5T 

2i7rr 

KWAC 

POWER  FACTOR 

-1 .  OC 

STACK  CURRENT 

10  77 .0 

AMPS 

CUMULATIVE  POWER 

11.744 

MWHR 

STACK  VOLTAGE 

257,2 

VOLTS 

HAL?  STACK  VOLTAGE 

0.44 

VOLTS 

VOLUM3T3IC  FUEL  FLOW 

1943.4 

SCFH 

FUEL  FLOW  SETPOINT 

1963.9 

SCFH 

ACTUA.L  FUEL  FLOW 

ZTOID  EJ3CTOR  POSITION 

S7 . 5 
64.8 

PPH 

i 

ZTfii5_£B3:?DLtSI.,. - - 

CtotalTuel  cons  ^  __ 

64. .3 

PHI  MONITOR 

1.02 

FT140  aURNER  AIR  FLOW 

536.3 

PPH 

FTlii  sST?>QllJ'l'^ 

519.6 

pTh 

TE0:2  REFORMER  TBMP 

1660.1 

DEGF 

ZTllO  POSITION 

84 . 4 

% 

T8012R  BACKUP  RSF  TEMP 

1672.9 

DEGF 

TEQ12  SETPOINT 

1656.3 

DEGF 

TS002  HDS  TSMF 

595.5 

DEGF 

TE35C'  ANODE  INLET  TEMP 

'  409 .8 

DEGF 

TE400FT  STEAM  SEP  TSMP 

351.1 

DEGF 

TZ400  SETPOINT 

350.2 

DBGF 

TEeSl  TEMP  TO  OUST 

134.0 

DBG? 

RECOVERED  HEAT 

912 

MBTU/HR 

LT40D  SEPARATOR  LEVSL 

11.0 

IN 

TE431  POLISHER  TEMP 
TBSIO  GLYCCL  TEMP 

119.0 

150.2 

DEG? 

DEGF 

PMP451  STATUS 

On 

TE160  MOTOR  COMP  AIR 

119.0 

DEGF 

BLECTRIC.AL  EFFICIENCY 

37.4 

TRiSO  MOT  COM?  AIR  IN 
press  <NEXT  PAGB>  key 

101.9 

"LO  view 

DBGF 

RM  data 
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STACK  LOOP  AHC  LOOP.  &  VfTS 

06/20/95  TDC-  1066.4  VDC=  20S  riwACNET^  199V  VT310DEL= 
1834:50  rr012ACr=  67.5  I'SIOOF'^  35  0.7  '  TKd]  2FT=  1656 


P/P  9061  P  D60  R  160  S  60  V  20  A  30  N  40  C  30  L  10  (l5^ 


0.37  EVEKTS  0 
^  OVERRIDE  0 


T340C 

SEPARATOR  TRMF  (PR3H.A5Y1 

350.7 

DEG? 

SETPOINT: 

35C,2 

TE400a 

SEPARATOR  TEMP  {SAOXUP) 

350.0 

DEGF 

SEP  TEMP  FACTOR (DEGF) 

0.9 

TE400DEL 

SEP  TEMP  DELTA 

0.2 

BEG? 

LS4iC 

WATER  TANK  LEVEL  SWITCH 

On 

STK  PLOW  SW 

(P3400  ) 

On 

TE4  31 

POLISHER  TEMP 

119.0 

DEGF 

?/W  TSM?  SW 

(T5451 ) 

On 

TS81C 

condhnsor  exit-  temp 

149.4 

DEG? 

'4'  ■  — 

TESIO 

CUST  HEX  HOT  IN  TEMP 

176.  b 

DS6F  ( 

.  .CUMKfATREffF 

(MBTU.)  .  . 

.1  -  350 ; 

TE380 

COST  HEX  COLD  IN  TEMP 

92.6 

DEGF 

FTaeO  FLOW  ( 

PPM} 

TE881 

CUST  HEX  COLD  EX  TRMP 

130. 2 

DBGF 

HEAT  REC  (MBTU/HR > 

840 

t£4  01 

STACK  COOLANT  INLET  TEMP 

299. 7 

DEGF 

r.T4C0 

SEPARATOR  LEVEL 

11.2 

IN 

PMP451 

WTS  FEEDWATER  PUMP 

Off 

ON  TIME,  MIN. (FVPUMP) : 

0 

STARTTSMP 

TEMP  FOR  HEF  HEATUP 

350.0 

DEG? 

IDCNST 

NET  DC  CURRENT 

1064.1 

.^MPS 

KrR400 

ELEMENT  "A" 

Off 

ELEMENT  "C" 

Off 

ELEMENT  "B" 

Off 

ELEMENT  ''D” 

Off 

STACK  LOO?,  AHC  LOOP,  &  WTS 

v6/2Q/95  IDC=  1088.1  VDC=  207  KWACKETp  200  VT310DEL=  -0.45  EVENTS  0 
1934:51  ?r012ACT=  91.6  TE4aOFT^  351.0  TB0l2?r=  lESl  OVERRIDE  C 

?/P  3061  F  160  R  160  s  60  W  20  a  30  H  40  C  30  L  ID  I  50 


TE400  SEPARATOR  TRhp  (PRIHA3Y)  351,1  ^bqf  sBTPOJRT:  350.4 

rE400K  53PARATQR  TEMP  ( BACKUP)  363- 1  DEG?  SEr  TEMP  FACTOR(DBGF>  0.9 

TE4CQEEL  SEP  TEMP  DELT.A  0-0  DE6F 

LS'lSO  WATER  TANK  LEVEL  SWITCH  On  STK  FLOW  SW  (FS4C0)  On 

TE431  POLISHER  TEMP  319.5  DEGP  F/W  TEMP  SW  (TS451;  On 

TE810  C0NDER3OF.  EXIT  TEMP  152.2  DBGF 

TEe20  C’JST  HEX  KOT  IN  TEMP  180.6  OEGF  CUMHEATREC ( MmBTU >  1.942 

TESfiO  COST  KEX  COLD  If/  TEH?  146.1  DSGF  FLOW  (FPE,' 

TEBSl  COST  HSX  COLB  EX  TSMP  179.9  DSGP  HEAT  REC  (MBTU/HR) 

T3401  STACK  COOLAMT  INLET  TEMP  303.4  BEG? 


LT400  SEPARATOR  LEVEL  10. 8  IH 

PMP451  WTS  PEBDWATSK  PUHP  On  OH  TIME,  Ml V , ( FWPUMP ) :  0 

ST.ARTT2MP  TEMP  FOR  RE?  HEATUP  350-0  DEG? 

1DCK3T  NET  DC  CURRENT  1087.2  AMPS 

HTR400  RLEM3KT  ’’A”  Off  ELEMENT  ’•C"  Off 

ELEMENT  "B"  Off  ELEMENT  "D"  Off 


o  o 
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2034;01 


PQWFR  .OUTPU 

powl^ouTftTf  ^aToBsT 

STACK  CCKREKT 
STACK  VOLTA<?E 
VOLUMHTRIC  FUEC,  FLOW 
ACTUAL  FUEL  FLOW 
^tOIO  ejector  POSITICK 
PHI  KOKITOK 
FT140  BURNER  AIR  FLOW 
TB012  REFORMER  TEMP 
TEE12R  BACKUP  RBF  TEMP 

TE002  HDS  TEMP 

rE400?T  STEAM  SEP  TSM? 
TESai  TEMP  TO  OUST 

LT40CI  SEPARATOR  LEVEL 
PMP451  STATUS 

ELECTRICAL  EFFICIEWCV 


215.7 
1 036  -  0 

206. 7 

1994.2 
B9.a 
66.9 
l.Oi 

517.7 

1652.2 
1661.9 


40  C 

KWAC 

XWAC 

AKFS 

VOLTS 

SCFH 

PPH 

4 


KEY  PARAMETERS  (ENGLISH  UNITS) 

EVEHTEj.,—^ 

30  L  10  (X.sy 

OPERATING 
POWER  FACTOR 
CUHULA.TIVE  POWER 
HALF  STACK  VOLTAGE 
FUEL  FLOW  SETPOINT 


OVERRIDE; 


PPH  PTTK  SEl 

DEG?  ZTllO  POSITION 

DEGF  TED12  SETPOINT 


603.9  DEGF  TE3E0  ANOD3  INLET  TEMP  409. S  DEGF 


350.9  DEG? 
180 . 4  DEGF 

11.0  IN 
Off 


TE4D0  SETPOINT 
RECOVERED  HEAT 
TS431  POLISHER  TEMP 
TE810  GLYCOL  TEMP 
TEIEO  MOTOR  COMP  AIR 
TE150  MOT  COMP  AIR  IN 


152.9 

HRS 

1.00 

12.144 

KWHR 

0.39 

VOLTS 

1997.0 

SCFK 

- 

li50S6 

scO 

51?:?" 

’f  FP; 

85.2 

% 

1657.1 

DBCF 

■  409. S 

DEGF 

350.2 

DBG? 

101 

MBT'J/KR 

121.9 

DEGF 

153.3 

DEGF 

107 . 6 

DEGF 

53.1 

DEGF 

ZG  view 

RM  data 

a.osA-.s\ 


caT«\uvts:T  E:  FuFv 
\A\,\\0  SCF 
VA6.jO'*(<a  SOF 


E.\_RTS^  TvmE*. 

ANAi  .  -Mort  *, 


\<\00‘t  \O0  5CF^^ 
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iiTACK.  LOQJ 

C'6/2'::/95  IDC=  1086.1  VDC-  207 


4  WTS 


VT310DEC,=  -0.44  KVfiMTS 


2035 r 32 

?T012ACT=  39-9  'rE4C'0?T 

=  350,8 

•rBC12?T=  1555—^  OVERRIDE  0 

P/P  9061 

F  160  E  160  F,  60  W  20 

ABO  N 

40  C 

30  L  10 

r240C 

SEPARATOR  TSKP  (PRIMARY) 

350.9 

D3GF 

SETPOINT 

350.1 

TE40C'5 

SSPAEATOR  TKM?  (BACKUP) 

350.9 

DEG? 

SEr  TEMP 

'fACTCE(DEGF i 

0,9 

T340CD3L 

SEP  TEMP  IlElTA 

0.0 

DSGF 

254  50 

WAT3R  TANK  LEVEL  SWITCH 

On 

STK  FLOW 

SW  (PS4CO) 

Op 

TK431 

POLISHES  TEMP 

121.9 

DEGF 

F/W  TEMP 

5W  'TS451) 

Qr* 

TESIO 

CONDENSOR  EXIT  TEM? 

154.0 

DBGP  ^ 

"'V,"' - - 

- 

TEeZD 

CUST  HEX  HOT  lil  TEMP 

188.0 

DEGF  C 

cum-hbatr: 

BCIMMBTUJ  .  . 

Jsr22^ 

rE880 

COST  HEX  COLD  IN  TEM? 

150.7 

DBGP 

F?55triL; 

3w  •:  PPH ) 

2591 

TES81 

CUST  HEX  COLD  EX  TEMP 

182.0 

DEGF 

HEAT  REC 

(MBTU/HR  j 

33 

03401 

STACK  COOLANT  IHLET  TEMP 

316.8 

DEGF 

11400 

SEPARATOR  LSV2L 

1.0 .  B 

IN 

P.HF4  51 

WTS  FE2DWATER  PUMP 

Off 

ON  TIME. 

.MIN.  (FWPCMP  1  : 

0 

STAPTTEMP 

T3MP  FOR  REP  HEATU? 

350.0 

DEGF 

IDCBET 

NET  DC  CURRENT 

loei-s 

AMPS 

HTa400 

ELEMENT  "A" 

Of  I 

BLBMENT  ' 

"C*' 

Off 

SL3M3WT  "B" 

Off 

ELEMENT 

"D" 

Off 

Tvws: 

VticrSMLHNtTfTftU  V*|tWT 

"W^rc  OT  Htw  \ 


OJtt\OvJP:T\slP.  ?s£Cj0n7^VV1 

\  sltSC  ,tiC)0 

■BT'J 

tt/Vn^CC30  t-XO 

30V  /«^  . 
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KEY  PARAMETERS  (ERGLISH 

P/P  9061  06/21/95  0935;  15  EVERTS  OVERRIDE:  0 

?  151  R  160  S  60  W  7.0  A  30  40 _ C  30  L  10  Q  ,8^ 


PQW^  OTTPPX  'MET)  ^ 

38.1 

->KWAC^ 

OPERATING  TIME 

166 . 0 

BPS 

~P0WER ~'0U rpuT 

— 

POWER 

FACTO?. 

0.95 

STACK  CUKREHT 

410.4 

AMPS 

CUMULATIVE  POWER 

14.561 

MWHP. 

STACK  VOLTAGE 

227 . 9 

VOLTS 

HALF  STACK  VOLTAGE 

-0.00 

VOLTS 

VOLUMETRIC  FUEL  FLOW 

711 . 1 

SCFH 

FUEL  FLOW  SETPOINT 

717.6 

SCFH 

ACTUAL  FUEL  FLOW 

32.0 

PPE 

ZTOlO  EJECTOR  POSITION 

23.2 

4 

ZTOlO 

SETPOINT 

21.8 

% 

PHI  MCKITOR 

1.07 

TOTAL 

FUEL  CONS 

169280 

SCF 

FT140  BURNER  AIR  FLOW 

250.4 

PPH 

FT140 

SETPOINT 

255.7 

PPH 

TEOll  REFORMER  TEMP 

1515,5 

DEGF 

ZTIIC 

POSITION 

45.5 

« 

TS312&  SACKL’P  REf  TE«p 

lilO. 2 

DffGf 

TE012 

i'ETPOINT 

1527.3 

DEGF 

TE002  HUS  T3M? 

603.0 

DEGF 

TR350 

ANODE  INLET  TEMP 

406,7 

DEGF 

TE4C0FT  STEAM  SE?  TEMp 

3S4.0 

□  SGP 

TE4CC 

SETPOINT 

363.4 

DEGF 

TESSl  TEMP  TO  CUST 

162.1 

DEGF 

RSCOVSRED  HEAT 

237 

MET U/ HR 

TE4  31 

FOLISNER  TSMP 

105.2 

DEGF 

LT400  SEPARATOR  LEVEL 

10.9 

IN 

TE81C 

GLYCOL  TEMP 

151.3 

DBG? 

PMP45i  STATUS 

On 

TS160 

MOTOR  COMP  AIR 

100.3 

DEGF 

TB15C 

MOT  COMP  AIR  IV 

84.0 

DEGF 

ELECTRICAL  EFFICIENCY 

18.4 

i 

press 

<N£XT  PAGB>  key 

to  view 

?H  dat& 

REACTANT  RUEPLy  sy=;tem 

06/21/95  rDC;=  398.5  TCC=  7.29  C  yyACWgT=  31J  VTSIODEL^  -0.83  EVENTS  0 

0936:14  FT012ACT=  32.0  TS400PTi  f%l^~TE5Tl7T=  1516^^ - w  OVERSIDB  0 

P/P  5061  P  161  S  1^0  S  60  W  20  A  30  R  40  C  30  L  10^1  SOJ 


TED12  REF  TUBE  TBMP  {PRIMARY!  1518.2  DEGF  SETPOINT;  1526.8 
TE012S  REP  TUBE  TEMP  (BACKUP  1  lSll.5  DEGF  REP/PUEL  CONT  OUTPUT;  1.04 
TED12DEI,  REF  TUBE  T6MP  DE5TA  6.5  DEGF 

PTCI12ACT  ACTUAL  MASS  FUEL  FLOW  32.0  ?PH  SETPOINT:  31.7 
rTD17  UNCORP..  MASS  FUEL  FLOW  26.1  PPH  TEOll  FUSL  t2MP(DEGF)  85.4 
SCPH  ACTUAL  VOLUME  FUEL  PLOW  710.9  CFH  SETPOINT:  700. 5 
7UBI.TOT  TOTAL  FUEL  CONSUMED  169292  SCP  PT012  VENTURI { PS lA >  7.15 

3T010  EJECTOR  POSITION  22.9  »  SETPOINT;  21.6 
PHIMON  PH:  MONITOR  1,C4  STEAM  PLOW  S.P.tPP.H):  134.4 
TE350  ANODE  INLET  TEMP  406.7  DBGP 

TED02  HDS  BED  TEMP  602.1  DEGF  HTKDa2  STATUS;  Off 


3FPREF  REFORMER  EFPICISNCY 


83.7  4 
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06/21/95 
0337 : 57 
P/P  9C61 

TE-lOO 

73400S 

TS40CDEI 

LS4E0 

73431 

TE810 

TE820 

TEfiSO 

TE8S1 

7E401 

LT400 

PMP451 

STABTTEMP 

7DC:?ET 

HTE4aO 


06/21/95 
0333 : 12 
?/F  9061 

LOHITIHS 
HOT TIME 
CBLV 
AS? 

“CWDC 

VT210DEL 

EPEiyv 

3FPHSCH 

EFFSLEC 

KWACNHT 

“PACT 

KVAENET 

XVAH3T 

PAE POWER 

XWACGROS 

MWHRS3H 

MWHRSNHT 


STACK  LOOE^.  AK?.  700? .  ^  WTS 

:DC=  490.8  VDC=  223  <_£WACHETlP^'^~g^  VT31DDSL-  -0.50  EV3HTS 

FT0l2ACT=  4D.4  TE400PTI  362. 5  T^Cl^fFT-  1520 _  OVESRIDS 

P  161  E  160  S  60  W  20  A  30  N  4C  C  30  L  10  i^I  SOS 


0 

0 


SSPARArOE  TEMP  (PRIMARY}  362.5 
StPAR.ATOR  TEMP  (SACK'JP)  362,1 

SBP  TEMP  DELTA  0 . 4 

WATER  TANK  LEVEL  SWITCH  On 

POLISHER  TEMP  ■,0  5.2 

CONOENSOR  EXIT  TEMP  153.3 

C'JST  HEX  HOT  IN  TEMP  186.1 

C’JST  HEX  COLD  IN  TEMP  150.5 

OUST  HEX  COLD  3X  TEMP  16C .  6 

STACK  COOLANT  INLET  TEMP  346.1 
SEPARATOR  LEVEL  11.-3 

WTS  FEEDWATER  PUMP  Off 

TEMP  FOR  REF  HEATUP  350.0 

NET  DC  CURSEHT  209,3 

ELEMENT  ''A"  On 

ELEM3MT  "B’-  On 


DEGF 

3STPOIKT: 

358. e 

DE6F 

SEP  TEMP  FACTO?. (DEC-F) 

1.0 

DEGP 

STK  FLOW  SW  (F540a;i 

On 

DEG? 

F/W  TEM?  SW  {TS4  51) 

On 

DEGF 

DEG? 

CUMM£ATREC(MKSTtJ 

3,231 

0E6F 

PT86C  PLOW  (p?3! 

22247 

DEG? 

HEAT  REC  (HBTU/HR) 

224 

DEGF 

in 

ON  TIME,  MlH. (FWPUMP} : 

0 

DEGF 

A.MPS 

ELEMENT  "C” 

On 

ELEMENT  "D" 

Off 

KL  3  CT  iiL;Atjii(pia5JU_ 

I3C=  452  VDC=  225  ^JIWACNBT=.  .44,5>  VT310DBL=  -0.85  EVENTS  0 
FTD12ACT4>  35,0  TS400FT^  361'  TE012PT=  1528  — .OVERRIDES  0 


P  161  R  160  S  60  W  20 

A  30  N 

40  C 

30  L  10  (Y  agj 

TOTAL  LOAD  TIME 

166 

HR 

TOTAL  HOT  TIME 

225 

HR 

AVG  VOLTS  PER  CELL 

.704 

V/C 

CURRENT  DENSITY 

81 

ASF 

DC  KILOWATTS 

102.1 

KW 

DELTA  -lAL?  STX  VOLT 

-D.85 

V 

VT310  HAL?  STK  VOLT 

-0.02 

INSTANTANEOUS  STK  AMPS 

+52 

A 

INVERTER  EFPrClBNCY 

97.4 

% 

CELL  EFFICIENCY  <»> 

56.1 

MECHANICAL  EFFICIENCY 

50.1 

% 

REF  EFFICIENCY  (%) 

88.4 

ELECTRICAL  EFFICIENCY 

23.8 

% 

HEAT  RATS  (BTU/KWHRi 

16152 

MKT  AC  POWER 

44.5 

EWAC 

DISPATCHED  POWER: 

0-0 

ACTUAL  POWER  FACTOR 

0.95 

- 

DISPATCHED  P.F.; 

1.00 

NET  KVAR 

14.5 

F.VAR 

DISPATCHED  KVAR: 

0-0 

NET  KVA 

46  .= 

KVA 

PARASITE  POWER 

54.6 

RW 

GROSS  AC  POWER 

99.1 

KW 

GROSS  AC  MW  MRS 

17.986 

KWHR 

NET  .AC  MW  HOURS 

14. 563 

MWHR 
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“TOO IB  INV  .AC  VOLTAGE  .PHASE 

JJ^CO.lj:  ,  INV  AC^ VOLTAGE  .PHASE 

CTO  CIA  HnTTC^CORRlnTTTrjf^B 
CT0013  INV  AO  CURRENT .PHASE 

CTOOIC  INV  AC  CURRENT .PHASE 


CURRENT  UNBAL  ( 9 ) 


14.3 


C 

0 


PTL'OEA 

NET  AC  VOLTAGE, PHASE 

A 

4S5.4 

U 

PT003B 

NET  AC  VOLT AGE, PHASE 

B 
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V 

PT003C 

NET  AC  VOLTAGE, PHASE 

C 

480.7 

V 

VOLTAGE  UKBAL  (%) 

l:nkvdg 

LINK  VOLTAGE 

599.5 

V 

PEKCPUKE  P EEC ENT  FUKDAMSKTAL 
?5REQ  PRASE  SHIFT  REQUEST 

MCBOCl  6/1  HRSAKEk  STATUS 
MCE0C2  G/C  BEEAEBR  STATUS 
M0E005  INTKR-TlE  BREAKER  STAT 
INTEOUMT  INTERRUPT  COUNT 
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On 
Off 
Off 
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Appendix  B;  MCAGCC  Twentynine  Palms  - 
Naval  Hospital,  Project  Meeting  Attendees 


Site  Evaluation,  8-9  December  1993 


Attendees 

Organization 

Mike  Binder 

USACERL 

T.  Monaco 

Navai  Hospitai 

MJ.  Roman 

Navai  Hospitai 

Lt.  C.R.  Miranda 

Navai  Hospitai 

Patrick  Dougherty 

Navai  Hospitai 

LCDR  Brannman 

Navai  Hospitai 

E.P.  Thompson 

Navai  Hospitai 

S.D.  Hammons 

MCAGCC 

Gerry  Merten 

SAiC 

Mike  Torrey 

SAiC 

Kick-off  Meeting,  03  May  1994 


Attendees 

Organization 

Geraid  Cier 

USACERL 

T.  Monaco 

Navai  Hospitai 

KJ.  Kouser 

Navai  Hospitai 

CJ.  Chitwood 

Navai  Hospitai 

S.D.  Hammons 

MCAGCC 

Howard  DeVore 

Pubiic  Works 

Wayne  Hofeidt 

Southern  Caiifornia  Edi¬ 
son 

Mike  Torrey 

SAiC 

Dougias  Young 

United  Technoio- 
gies/ONSi 

Design  Review,  02  March  1995 


Attendees 

Organization 

Mike  Binder 

USACERL 

Geraid  Cier 

USACERL 

Biii  Tayior 

USACERL 

T.  Monaco 

Navai  Hospitai 

S.D.  Hammons 

MCAGCC 

Howard  DeVore 

Pubiic  Works 

Andrew  Dufour 

MCAGCC 

George  Coiiard 

GBC  Eiectricai  Services 

Ray  Aseiin 

GBC  Eiectricai  Services 

Gerry  Merten 

SAiC 

Dougias  Young 

United  Technoiogies/ONSi 

Acceptance  Test,  23  June  1995 


Attendees 

Organization 

Mike  Binder 

USACERL 

Frank  Hoicomb 

USACERL 

T.  Monaco 

Navai  Hospitai 

Luke  Wren 

Faciiities  Management 

Dougias  Young 

United  Technoio¬ 
gies/ONSi 

George  Coiiard 

GBC  Eiectricai  Services 
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Appendix  C;  Review  Letters  for  Originai  Design 
Drawings 


Science  Applications  knemat tonal  Corporation 
An  Empioyee-Ownea  Company 

February  14,  1995 


Dr.  Mike  Binder 
USACERL 

Energy  and  Utilities  Systems  Division 
2902  Newmark  Drive 
Champaign.  IL  61821-1076 

Subject;  Twenty-Nine  Palms  Final  Design  Review 

Dear  Mike: 

SAIC  and  our  licensed  mechanical  and  electrical  subcontractors  have  reviewed  the  fuel  cell 
installation  design  drawings  for  the  Twenty-Nine  Palms  Marine  Corps.  Base.  Our  comments  are 
presented  below. 

1 .  HEAT  REJECTION  LOOP  (COOLING  MODULE) 

a.  Assumed  30  gpm  flow  rate. 

b.  Total  equivalent  piping  length  of  335  feet. 

c.  Pressure  drop  -  30  gpm  in  2"  pipe  =  27100'. 

d.  Fluid  cooler  pressure  drop  -  12'  at  30  gpm. 

e.  Total  pressure  drop  external  to  fuel  cell  is  (3.35'  x  2')  +  12'  =  18.7' 

Pipe  sizing  and  velocity  are  adequate  at  2".  Discharge  head  for  circulating  pump  located 
in  fuel  cell  power  module  should  include  the  18.7'  piping  loop  pressure  drop. 

2.  HEAT  RECOVERY  PIPING  -  CUSTOMER  SIDE 

a.  Flow  rate  -  50  gpm. 

b.  Total  equivalent  piping  length  -  318  feet. 

c.  Pipe  size  -  3" 

d.  Pressure  drop  -  25  gpm  in  3”  pipe  =  0.8/100'. 

e.  Piping  pressure  loss  =  3.18  x  0.8  =  2.8' 

f.  Pressure  drop  through  HEX880  (in  power  module)  =  15'  ± 

g.  Total  pump  head  requited  =  2.8'  +  15'  =  17.7' 

Piping  sizing  and  velocity  are  adequate  at  3";  however,  as  the  velocity  is  low  at  2.3  feet  per 
second,  some  savings  could  be  realized  by  utilizing  2"  pipe  versus  3".  A  check  valve  is 
recommended  at  the  discharge  of  Recirculating  Pump  P-2. 


10260  Campus  Point  Driva.  San  Diego.  California  92 12  J  •  1578  (6191  546-6000 
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3.  HEAT  RECOVERY  PIPING  -  FUEL  CELL  SIDE  (HEX880  TO  STORAGE  TANK 
LOOP  W/P-l) 

a.  Flow  rate  -  25  gpm 

b.  Pipe  size  -  assume  2" 

c.  Total  equivalent  piping  length  -221' 

d.  Pressure  drop  -  25  gpm  in  2"  pipe  =  1 .57100' 

e.  Piping  pressure  loss  =  2.21  x  1.5  =  3.3’ 

f.  Pressure  drop  through  HEX880  =  15'  ± 

g.  Total  pump  head  required  =  3.3’  +  15’  =  18.3’ 

Piping  sizing  and  velocity  are  adequate  at  2".  The  B&G  Series  90,  size  1-1/2A,  1/2  H.P. 
pump  is  adequate. 

4.  CITY  WATER  TO  FUEL  CELL  POWER  MODULE 

a.  Flow  rate  -  assume  10  gpm  ± 

b.  Water  pressure  -  assume  50  psig  ± 

c.  Total  equivalent  piping  length  -  156’ 

d.  Pressure  drop  -  10  gpm  in  3/4"  pipe  =  10  psig/100’ 

e.  Pressure  drop  through  HEX880  -  assume  15’ 

f.  Total  pressure  drop  then  is  (1.56  x  10)  +  (15;  x  .43)  =  22  psig.  The  3/4"  pipe  size  is 
adequate  assuming  that  about  28  psig  at  the  fuel  cell  inlet  is  satisfactory. 

Should  the  City  water  supply  not  be  isolated  from  the  potable  system  elsewhere  in  the 
plant,  an  approved  backflow  prevention  device  should  be  provided. 

5.  NATURAL  GAS 

a.  Connected  load  -  1,900  CFH. 

b.  Pipe  size  -  3" 

c.  Pressure  at  point-of-connection  -  assume  under  14”  W.C. 

b.  Total  equivalent  piping  length  -  180’. 

c.  Maximum  delivery  capacity  of  0.60  specific  gravity  natural  gas  per  hour  with  pressure 
drop  of  0.5  inch  water  column  in  3"  pipe  is  2,257  CFH.  Pipe  sizing  at  3"  is  adequate. 

6.  NITROGEN 

a.  Required  flow  rate  -  could  not  be  determined  from  data  provided. 

b.  Pipe  size  -  3/4" 

b.  Total  equivalent  piping  length  =  60’. 

Assuming  a  required  delivery  pressure  of  50  psig  at  the  fuel  cell  power  module  connection, 
capacity  of  a  3/4“  pipe  is  in  excess  of  1.600  liters  per  minute.  This  pipe  size  should  be 
adequate  depending  on  ONSI’s  maximum  anticipated  flow  rate 
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5.  ELECTRICAL 

a.  The  plans  should  be  stamped  by  a  registered  electrical  engineer. 

b.  More  details  should  be  given  for  the  new  4(J0A  subpanel;  i.e.,  mounting  AIC,  breaker 
sizes,  etc. 

c.  The  sizes  of  conduits  and  conductors  from  new  sub-panel  to  “NTH”  and  “HNH” 
should  be  given. 

d.  The  120V  power  source  to  the  fuel  cell  power  module  should  be  shown. 

e.  Show  ground  grid  around  fuel  cell  enclosure  and  all  termination  points. 

f.  Show  routing  to  room  F005  along  with  feeder  length  and  voltage  drop. 

Based  on  the  105°F  and  140°F  supply  temperatures  for  the  domestic  hot  water  loops,  the  1,000 
gallon  storage  tank  appears  adequate.  The  detailed  electrical  and  thermal  designs  are  sufficient. 
With  consideration  of  the  above  comments,  we  believe  that  the  site  design  is  adequate  to  proceed 
with  construction. 

Sincerely, 

^  -I  *1 

Gerry  Merten  1 
Division  Manager. 

Advanced  Energy  Systems 
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Appendix  D;  PC25B  Fuel  Cell  Forced  Outage 
Description  Codes 


Fleet  Log  page1 

Model  B 


FORCED  OUTAGE  ORIGIN  BY  POWER  PLANT 


DESCRIPTION 


CODE1  COOE2 

POWER  SECTION  SYSTEM  PSS 

FREEZE  PREVENTION  HEATER  A 

FREEZE  PREVENTION  HEATER  B 

GROUND  FAULT  DETECTOR 

HALF-STACK  VOLTAGE  MONITOR 

FUEL  PROCESSING  SYSTEM  FPS 

SHUTOFF  VALVE 

SHUTOFF  VALVE 

CHECK  VALVE 

FLOW  CONTROL  VALVE 

EJECTOR 

REFORMER 

LOW  TEMP  SHIFT  CONVERTER 
AIR  PRE-HEATER 
BURNER  CONTROL 

INTEGRATED  LOW  TEMP  SYSTEM  ILS 

AIR  PROCSSING  SYSTEM  APS 

FILTER 

PROCESS  AIR  BLOWER 
CATHODE 

CATHODE  AIR  VALVE 
REFORMER  BURNER 
~  VALVE  POSITION  INDICATOR 
AIR  FLOW  TRANSMITTER 
HAND  ORIFICE 
FIXED  ORIFICE 

.  REFORMER  BURNER  SENSOR 

THERMAL  MANAGEMENT  SYSTEM  TMS 

FLOW  SWITCH 

THERMAL  TEMP  MANAGEMENT  CONTROL 
THERMAL  TEMP  MANAGEMENT  CONTROL 

CELL  STACK  COOLING  H20  SUB-SYSTEM  CSCW 

COOLANT  ACCUMULATOR 
COOLANT  PUMP 

THERMAL  CONTROL  HEAT  EXCHANGER 

FLOW  ORIFICE 

FLOW  ORIFICE 

BLOWDOWN  COOLER 

BLOWDOWN  VALVE 

MIXED  RESIN  DEMINERAUZER  BED 

ELECTRIC  HEATER 

MOTORIZED  VALVE 

ANCILLARY  COOLANT  SUB-SYSTEM  ACS 

PUMP 

BLOWDOWN  COOLER 
CONDENSER 

CUSTOMER  HEAT  EXCHANGER 
FORCED  CONVECTION  COOUNG  MODULE 
SELF-ACTUATED  FLOW  CONTROL  VALVE 
MOTORIZED  VALVE 
HAND  ORIFICE 

WATER  TREATMENT  SYSTEM  WTS 

WTS  PUMP 
ORGANIC  FILTER 

MIXED  RESIN  DEMINERALIZER  BED 
MIXED  RESIN  DEMINERALIZER  BED 
MIXED  RESIN  DEMINERALIZER  BED 
MIXED  RESIN  DEMINERALIZER  BED 


CHANGE  IN  STATE  FORCED  OUTAGE/ 

UNFORCED  OUTAGE 


DESCRIPTION  DESCRIPTION 


COOES 

CODE 

CODE 

POWER  UP 

PU 

FORCED 

F 

HTR310A 

POWERDOWN 

PD 

UNFORCED 

U 

HTR310B 

IDLE  UP 

lU 

GF0001 

IDLE  DOWN 

ID 

VT310 

SHUTDOWN 

S 

NONE 

N 

CVOOO 

CHV100 

CV100 

FCV012 

EJT010 

REFSOO 

SC300 

HEX910 

BSC001 


FIL100 

BL0100 

FCV100 

FCV110 

FCV140 

ZT110 

FT140 

H0135 

F0130 

8E030 

FS400 

TE400 

TE431 

ACC400 

PMP400 

HEX400 

FO400 

FO420 

HEX310 

FCV430 

DMN440 

HTR400 

TCV400 

PMP830 

HEX431 

HEX920 

HEXSdO 

HEXSOO 

TCV800 

TCV830 

HOS40 

PMP4S0 

ORG450 

DMN450A 

DMN4S0B 

OMN4SOC 

OMN4SOD 
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Fleet  Log 
Model  B 


FEEDWATER  PUMP 
ISOLATION  HAND  VALVE 
_  ISOLATION  HAND  VALVE 

WATER  TANK  LEVEL  TRANSMITTER 
WATER  TANK  LEVEL  TRANSMITTER 
WATER  TANK  LEVEL  TRANSMITTER 
_  WATER  LEVEL  CONTROL  VALVE 
CHECK  VALVE 
NITROGEN  PURGE  SYSTEM 
OPEN  SOLENOID  VALVE 
_  OPEN  SOLENOID  VALVE 
FLOW  ORIFICE 
AIR  EJECTOR 

CABINET  VENTILATION  SYSTEM 
_  VENTILATION  FAN 
VENTILATION  FAN 
FLOW  SWITCH 
FILTER 

FLOW  CONTROL  DAMPER 
EXIT  FLOW  RATE  CONTROL 
TO  PROCESSED  STEAM  SHUTOFF  VALVE 
ELECTRICAL  SYSTEM 
_  POWER  CONDITIONING  SYSTEM 
MOTORIZED  AC  CURCUIT  BREAKER 
MOTORIZED  AC  CURCUIT  BREAKER 
MOTORIZED  AC  CURCUIT  BREAKER 
POWER  DISTRIBUTION  SYSTEM 
^  AUXILIARY  TRANSFORMER 

UNINTERUPTABLE  POWER  SUPPLY 
POWER  PLANT  CONTROL 
LOCAL  OPERATING  INTERFACE 
“  LOCAL  DIAGNOSTIC  TERMINAL 
ELECTICAL  CONTROL  SYSTEM 
OTHER 

OTHER  ELECTRICAL 

K001 

K002 

INVERTER 

CSA 

—  PC  CARD 

BOOST  REGULATOR 
FUSE 

POLE  FAULT 
--  BRIDGE  FAULT 

QUAD  POWER  SUPPLY 
DUAL  POWER  SUPPLY 
RELAY  TRIP 
GROUND  FAULT 
CIRCUIT  BREAKER 
CONTROLLER 
SUBSTACK 

^  GRID  DISTIRBANCE 
OTHER  GAS 
OTHER  WATER 


NPS 


CVS 


ES 


OTR 


PMP451 

HV450A 

HV450B 

LS450 

LS451 

LT450 

LCV451 

CHV451 

CV720 

CV710 

FO720 

EJT710 

FAN165 

FAN150 

FS165 

FILISO 

FCD150 

TE150B 

CV500 


PCS 

MCB001 

MCB002 

MCB003 

PDS 

T005 

UPS001 

PPC 

LOI 

LOT 

ECS 

OTRE 

K001 

K002 

INV 

CSA 

PC 

BSRG 

FUSE 

POLE 

BROG 

QUAD 

DUAL 

RELAY 

GRND 

CRB 

CRL 

SBSTK 

GRID 

OTRG 

OTRW 
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Appendix  E:  Operational  and  Outage 

Periods 


Detailed  Fuel  Cell  Demonstration  Site  Summary  Report 
MCAGCC  Twentynine  Palms 


1995: 

April 

May 

June 

12:00  AM 

1:00  AM 

2:00  AM 

Acceptance  Test  Performed 

3:00  AM 
4:00  AM 
5:00  AM 
6:00  AM 
7:00  AM 
8:00  AM 
9:00  AM 
10:00  AM 
11:00  AM 


12:00  PM 
1:00  PM 
2:00  PM 
3:00  PM 
4:00  PM 
5:00  PM 
6:00  PM 
7:00  PM 
8:00  PM 
9:00  PM 
10:00  PM 
11:00  PMI 


789111111111122222222223 

012345878901234567890 


234567891 

0 


1  1  1 
1  2  3 


11111122222222223  3 
456789012345678901 


234567891 

0 


1111111122222222223 

2345878901234567890 


Outage  #  Duration  Description 

Acceptance  Test  performed  between  June  16th  through  June  21st. 


CD 

00 
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1234S6789111111t1112222222222331234S67e911111111112222222222331234S6789111111111122222222223 
0123456789012345878901  0123456789012345678901  012345678901234567890 


Outage  #  Duration  Description 

1  00:33  APS:  FT140  low  in  R80-R160  shutdown  (while  adjusting  electro-mechanical  brake  to  prevent 

unstable  FCV1140  operation) 

2  60:12  TMS/CSW:  Loss  of  separator  control  (SEPDEL  high  for  lOmin  in  S60)  restarted  raised  power  slowly. 

3  840:20  TMS/CSW:  Low  HDS  bed  temperature  (TE002  low  for  60sec  in  R1 10-R1 60).  Completed  2000 

hour  maintenance.  Replaced  FCV503.  Replaced  FO002  orifice  with  1.1"  size.  Replaced  PMP400  with 
high  flow  pump  to  improve  TE401 .  Replaced  PC7  controller  card. 


CD 

CO 
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Detailetl  Fuel  Cell  Demonstration  Site  Summary  Repoil 
MCAOCC  Twentyninc  Palms 


1995:  October 

12:00  AM 

1 :00  AM  #3  (conllnued) 

2:00  AM 
3:00  AM 
4:00  AM 
S;00AM 
6:00  AM 
7:00  AM 
8:00  AM 
9:00  AM 

10:00  am! 

11:00  AM  _ 

12:00  PM 

1:00  PM 

2:00  PM 
3:00  PM 
4:00  PM 
5:00  PM 
6:00  PM 
7:00  PM 
6:00  PM 
9:00  PM 
10:00  PM 

11:00  PmI  _  __  _ _ _ _ 

111  111  ll22t2222rr2:il234S«7a*1l  III  III  11222222  22231  2345»78SI1  I  III  1  1(1222222322213 

01214t6r6t»1234»47a9SI  OI234S6r8«OI214S4ra»0  OI234S.e7S*l>l314SS2S>OI 


Outage  #  Duration  Description 

3  840:20  $09  previous  page. 
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! 


I 


I 
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Dettikd  Fuel  Cell  Dcmonsiniion  Sue  Sununuy  Report 
MCAGCC  T«i«iilynine  Falim 


^AM 
1:00  AM 
2:00  AM 
1:00  AM 
4:00  AM 

SrOOAM 
0:00  AM 
7:00  AM 
•:MAM 
0:00  AM 
t0:0OAM 
11;0CAM 
12  00  Mi 
1:00  PM 
2-00  PM 
0:00  PM 
iOOPM 

•cOOPM 

OOOPM 

7.1NIP1I. 
000  pmI 
0  :00PM| 
10:00  PUj 

11  00  pm! 


OuUgo#  Duration  Descrifition 


4  2,259:42  Keyboard  shutdown  to  invd&bodtd  Nvo  low  Sub  stdok  voltage  r«adir>gs.  Fuel  oall  stack  removed  February  8th. 

New  fuel  cell  stack  installed  March  28th.  Fuel  cell  restarted  on  April  17th. 


Fiml  Report 
Apnl20(M 
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tkbitnl  FimI  Oil  Ikmoiuinniifl  Sue  Suimury  Hrpon 
MCACiCC  ToTntynuK  Ftimi 


Outage  #  Duration  Description 


4  2,259:42 

5  23«:47 

6  963:07 

7  100:34 


See  previous  page. 

CVS:  Power  plant  shutdown  due  Co  low  level  in  water  tank.  Restarts  unsuccessful  due  to  reformer  burrter 
(lame  outs,  CV500  stuck  open.  CV500  replaced  on  5/3. 

ES:  Power  plant  shutdown  due  to  K002  circuit  breaker  sequence  en-or  upon  a  site  power  loss. 

Problem  iraced  to  bad  lalk-baek  relay  (K6)  assooated  with  MCB001 .  SCG  assisted  with  repairs. 

ES:  Power  plant  shutdown.  Inverter  sequence  error.  Control  relay  and  breaker  (MCB002)  replaced. 


^MUll  RqKvi 
Ap«il  2004 
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Dctailcfi  Fuel  Cell  Dcmoiuiraiiofi  Sue  Summir)  Rcfwn 
MCAGCC  Twcaiymnc  Pjlim 


11996:  i  July 

It  M  AMI 


taOAM 
2:00  AM 
t  oo  AM 
4: 

S 
0 


August 


September 


7:00  AM 

^99  am 

0:00  AM 
10.00  AM 
II  MAM 
iroo  PM 

1.00  PM 
FMPM 
200  PM 
400  PM 


l-MMI 
OOO  PM 
7  .00  PM 


t  oo  PM 
10  OO  PM 
11MMI 


-  ■  .  .  - -  *  - - - 

•  t2044«»400t|»««0rt*41  •l>a4S.07tOOt29«»ortO«l|  •0«2a4»«V400l2a444rg*0 


Outage  #  Duration 
8  272:30 


Description 

Power  plant  manually  shutdown.  Install  SAIC  mstrumentation  per  direction  from  CERL.  PMP40O  and  . 
FAN150moCor  starters  failed.  Parts  sNpped 


Final  Rcftofi 
Arrii  ioM 
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DcUlIrd  HmcI  Cell  Octnorntration  Site  Summu)  Rqnrt 
MC'AOCX'  1  ««ntyBi0r  Palm& 


1996:l0ctob«f 


12MA1L 

1MAIE 

2.MAtf 

4  00Alfc 

$MAW 
•:00  AM 

7  0eAli 
•  00  AM- 
000  AM 
lOOOAU, 

11  00  Att 

12  00  PM 


November 

n 


00  PM 
OOPV' 
OOPM 
oopm! 

OOPM' 

00  pm! 

OOPM; 

OOPttI 

OOPV' 

OOPM; 


u 


«l*»  11*^271221227!  ri 


December 

no 


r  2  2  2  2  :  ;  i\ 


»  •  *  «  »  1 

»  1 1 


^222^2222: 


Outage  • 

Duration 

Descriptlort 

9 

62:07 

TMS:  Power  plant  shutdown  due 

to  an  irtdicated  low  coolant  flow  (FS400) 

10 

51:30 

OTR:  Power  plant  shutdown  due 

to  an  interruption  In  gas  supply 

Fiim)  Repofi 

Ap«ll  i0O4  ■•-30 
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OcuiM  Fuel  CHI  PoiHMitfraiioa  Sue  Suininar)  Rcpwi 
MCA<iCXrT«k«fityniiit  Pjiim 


[1997: 


12  00  Mtj 

1:00  AMj 
2. 

3:00  AM 
OMAN 
0:00  AM 


January 


I  Ml 


roiAiit 

000 
too 

1O0I 
11  00 
12  00 
1M 
2:00 
300 
4:00 
0:00 
000 
7:00 
0:00 
000 
10:00 
11.00 


February 

#12 


March 


'  ^  s  «  %  4  r  •  ; 


»«r«»4«7l«*«P9»04 


2  i  1  ’  fc»«3li*  1111  lli;33333 

•  12 


Outage  ff 

Duration 

11 

309:48 

12 

13:45 

13 

20:12 

Uoscription 

OTR:  Power  plant  stiut-down  doe  to  dreuil  breaker  sequence  error  duneg  grid  event.  Relay  replaced. 
OTR;  P/P  stiutdown  due  to  circuit  breaker  sequerKe  error  at  time  o(  grid  disturbance. 

OTR:  P/P  sFhJtdown  due  to  a  plugged  fitter  in  the  R/0  unit. 


Fiful  Repofi 
Apcil  iOlVl 


I 


2  2-  2  2  i  3 


4)1 
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OcUikd  Fuel  Cell  DenMHBtniKfl  SiK  SunanM>  Kepon 
MCAOCC  Tu««i>imik  Palim 


Outage  # 

Duration 

14 

22:42 

15 

279;  56 

D«scriptlon 

OTR:  P/P  manually  stiutdown  lo  repair  a  water  leak. 

FPS:  PJP  shutdown  due  to  a  sllciung  fuel  valve.  Annual  maintenance  completed. 


^'lnal  Report 

Ap«l  iMM  4.}2 
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DcUilcd  Fvcl  rdl  DcfWHtttniKan  Site  Sucnmify  Report 
MCAGCX'  r««ntyniac  Ptbm 


,1997:  July 


lAugus^ 


17  «  Alt; 

AM. 
Z^AU‘ 
t  oo  AM 
4M  AM 

VM  AM 

•  00  AM 
7:00  AM 
1:00  AM, 

•  00  AM, 
10:00  AIK 
11  MAM 
12:00  pm 

1:00  Ml 
3MPU 
):OOMI 
4:00  Ml 
S.OO  Ml 
000  Ml 
7:00  Mi 
0.00  PM 
0^00  PM 
10:00  PM 
11  00  PM 


?  j  j  3-  *  i  5  «  »  *  ^  9  j 


September 


Outage  #  Duration 

16  463:30 

17  26:26 

18  298:40 

19  92:08 

20  782  08 


Description 

TMS:  P/P  sbuldown  due  to  higti  feed  water  temperature  caused  by  t>ack  flow  from  the  TMS.  The  shut-off  valve, 
check  valve,  feed  water  punnp.  FT140.  burner  air  valve  and  flow  transmitter  were  replaced. 

P/P  manually  shutdown  to  repair  a  site  gas  leak 

OTR:  PIP  shutdown  due  to  a  logic  card  cage  fan  failure.  Replaced  PC6. 

OTR:  PIP  shutdown  due  to  a  circuil  breaker  sequence  error  (K001). 

ES:  P/P  shutdown  due  to  a  UPS  Failure.  UPS  batlenes  were  replaced:  PMP451  rebuilt. 


Fmal  Report 
Apnl  MXM 
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Detailed  Fuel  Cell  DemomUition  Site  Sumrnar)  Krport 

MC'AGCX’  f«<ntynint  PaIhm 


i1997;jOctob^ 

ijoe/5r 
1;M  AIF 
2:00  Aid 
);00  AK 


November 


4  00  AH 
»;00  am' 

0.00  AM 
7r00Alt 
1:00  AM 
0:00  AM 

10:00  am' 

11:00  AM 
12  00  Mi 
1:00  PM 
200  PM 
2:00  PM 
4.00  PM 
000  PM 
0:00  PM 
7.00  PM 
000  PM 
MPM 
1000  PM 
1100_PM 


rTTTTTTTTTTt»ii»iTTTyy7TTyTyTT 


December 

•21 


i»S4s«rasit  tiit 


Outage  #  Duration  Oascription 

21  479:27  OTR:  PIP  shutdown  due  to  a  K002  sequencing  error.  Motorized  circuit  breaker  adjusted. 


Final  Report 

Ajml  ifl64  4--'4 
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I>clailrd  hvcl  Cell  UmmuUMicn  SiK  Suimiwy  Krpvn 
MCAGCX' Tikcnt>iiiM  Pabm 


1 998: 1 January 


uoo 

liM 

400 

S:00 

0.00 

roo 

0.00 

too 

t0:00 

11.00 

1200 

1:00 

2:00 

300 

4:00 

0:00 

000 

7:00 

040 

0:00 

10.00 

11:00 


Alt' 

AM 

AM 

AM 

AM 

AM' 

am! 


m 


t;  i«i 


i  i  r  i  i  i  ^  i  i 


February 


March 


•ii 


i  9  •  i  i  f  •«!*  It«f  «l  %  9  i  3  2  2  2  2  2  2  119 


Outage  0 

Duration 

22 

370:32 

23 

63945 

24 

534:20 

Description 

OTR:  P/P  stHildowndue  tolow  DC  voiCage.  FCV012  replaced. 

OTR:  Maintenance  activities  involved  arcuit  breakers  K001,  K002,  and  K003. 
ES:  Maintenance  activities  involved  UPS  replacement. 


Final  Rqxin 

April  loot  4.3$ 
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Dcuilcd  fuel  CcM  OcmofisirarMf)  Sue  Swnnury  Repan 
MCAGCX'  T«eiii)iune  P%lim 


Outage  • 

Duration 

Description 

24 

534:20 

See  previous  page 

25 

422:10 

TMS:  Shutdown  waiting  to  replace  Hex's;  replacement  heat  recovery  flow  meter  on  txack  order  6/5; 
replacement  HEX430  £  HEX431  ordered 

26 

844:12 

ES:  PIP  shutdown  due  to  MCB002  error.  Completed  physical  check  of  all  wirirtg  in  motorized  arcuit 
breaker  arcuit.  Fuel  cell  stack  assembly  was  cleaned. 

Final  Repon 
AprU200« 
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I>ciail«i  FikI  Cell  Dcmvfuvtuim  SiH  Suranwy  Rtpwi 
MC  AGCC  Twe0t>’iMiir  P^lnis 


[1998:  July 


U  M  ANP 

imam 

2:M  AM 
>;00  AM 
4:00  AM 
9:00  AM 
0:00  AM 
7:00  AM 
1:00  AM 
IMAM 
10:00  AM 
1100  AM 
UOOPH 

100  PU 

rm  m 

101  PH 
400  PM 
900  PM 
(MPH 
700  PM 
t  oo  PM 
fOOPU 

1000PM 

11  00  PM 


mi} 


August 


\  \  'J341< 


September 


Outage  lit  Duration  Dascription 

27  3.937:40  Manual  power  plant  shutdown  for  site  generator  test:  trouble  shoot  lockout  relay  Issue  11/5: 

replacement  heat  recovery  flow  meter  recovered:  schedule  reptacement  (or  HEX  430  S  431  for  week  of  9/28 


t-uwl  Repon 
ApnITOM 


4.J7 
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Uciiilcd  tud  Cell  OommvAifM  SiK  Sumnufy  Rfppfi 

MCAGCC  Twenty-nfiie  P»Ims 


1 1998: 

12  00  AM 
IQQAM 
2:00  AM 
2:00  AM 
4  00  AM 


October 


November 


i27  {^onOnuMd) 


Dac0tnber 


S:0O  AM 
4:00  AM 
7:00  AM 
1.00  AM 
0:00  AM 
lOiOOAM 

11  OOAM 

12  0O^M 

IMAM 
^OOM 
3.MPM 
400  PM 
0:00  PM 
AOOPM 
7  00  PM 
t  oo  PM 


t  oo  PM 
1000  PM 

11  00  PM 


7?;}2}222)3l2)4»er§>«1ll1 


Outago  #  Duration 
27  3.937:40 


Doocription 

See  prevKXJS  page. 


Fintl  Kcpo«i 

April  200?  4-38 


ERDC/CERL  TR-06-17  112 


Fuel  CcU  DcnMMUttaiwa  Stic  Sumnwy  Kepufi 
MCAOC'C  TvkCfUO'nmc  P*ltm. 


1 1999;^  January _ Fabruai 

Oft  AM* 
lOttAM, 

2;0«AM 

lOftAM, 

4  00  AM 
s  oft  AM 

•  Oft  AM 
7;MAM 

•  Oft  AM 
0:00  AM 

lOMAM 
UOftAM 
iroftPM 
10ft  PM 
^OftPM 
S-OftPM 
40ft  PM 
SftftPM 
00ft  PM 
70ft  PM 

•  Oft  PM 

t  ot  PM 

10  Oft  PM 

11-OftPMl _ _ _ ^ _ 


OuUgft#  Duration  Oftocription 

28  1 .066:00  OTR:  S^lltdcwn  on  ground  fault  fuse. 


Final  Report 

ah  }(toy 


Dclaikd  FikI  Cell  DmHutnliM  SHt  Srnmuy  KefKHi 
MCAGCC  Twral)*iuiie  P»lim 


l1999^Apr|L 


100  AH 
2:00  AM 


):00  AM 
4:00  am! 
AOO  AM| 
0:00  AM 
7:00  Am| 

0  00  am| 
000  AM 
1O  0O  AM 
1100  AM 
12.09  PH 
1O0  PM 

2  :00  PM 

3  00  PH 
4-00  PM 
0:00  PM 
0  00  PH, 
7^  PM 


OM  PM 

t  oo  PH 
to  00  PM 

11:00  PM, 


May 

ta 

r 

k 

L 

June 


030 


u 


i;I444;9)I  1111  111  117;-;;; 


Outage  P 

Duration 

Description 

28 

1.066:00 

See  prevKXis  page 

29 

43:10 

APS:  Hot  shutdown  on  low  (low  transmitter  FT  140.  Serv)ce  rep  sucoessfulty  put  plant  in  cool  down  state. 
CAUSE:  leak  in  WTS  system. 

30 

1.855:30 

OTR:  Replaced  FT140.  repaired  leaking  FO420.  unsuccessful  starts  6/10. 6/11,  (got  to  idle)  and  6/14. 
replaced  I/O  modules  for  FCV140.  rel>u4i  TCV400  &  replaced  actuator,  unsuccessful  start  6/18 

httul  Report 
Aptil  2003 


?  j ; ; i 


444» 
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r>(ii»ikd  Fuel  Ceil  Ocmonttratiofl  Srtc  Summar)  Repvn 
MCAOCC  Paimfc 


Outage  t 

Duration 

Description 

30 

1,855:30 

See  previous  page 

31 

168:09 

APS:  Shutdown  on  FT  140  low. 

32 

20:30 

APS:  Mininnal  informalion  about  outage.  bu4  probably  same  as  outage  031 

Report 

April 
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Pcuikd  F  Mcl  Cell  DenwfutnCifli  SiK  Sviiwnify  Repovt 
MCAGCC  T«vntyiiiac  Paimt 


[1999: 

October  h 

November 

December 

~12.M  AM 
IMAM 
2:M  AM 
3  M  AM 

AMAH 

S  M  AM! 

•33 

•34 

•3S 

7  M  All 
•  MAM, 
•M  am' 
19M  AH 

11M  AM, 
12  M  pm; 


1M  PH, 
2  00  PM 
3.M  PM 
4:00  PH, 
S:00  pm' 
0.00  PM 
2;M  pm' 


0:00  PM 

0.00  pm; 


10:00  PM, 

11:00  pm: _ ^  _  J _  _  _ _ 

.->4$4r9»  *122224^232  »iit  »**  1* 


Outage  0 

Duration 

Description 

33 

400:00 

WTS:  Shutdown  on  loss  o(  WTS  water,  FS450  off. 

34 

372:34 

OTR;  Shutdovwi  on  inverter  sequence  error. 

35 

514:18 

IMS;  Shutdown  on  FS400  pw  Failed  pump  <00.  Reptscement  sent 

Final  Rqioti 
April  2064 


I 


3222722229! 


4-42 
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I>ctaikti  Fuel  Cell  PenKKMnuoo  Site  Smnury  Kcpgn 
MCAGCC  Tvkcatynine  Palms 


2000: 1 April 


OrOOAM 
1:00  AM 
3:00  AM 
S:00  AM 
4: 

S;00  AM 
0:00  AM 
7:00  AM 

0: 

0:00  AMI 
10:00  AM{ 
11: 

U 
1 

2:«tPM 
>00  HI 
4^  HI 
SMPM 
OOO  HI 
7^  HI 
ItlOPII 
t  oo  HI 
10:00  HI 

tr-ooPM 


#)f 


>3ii2?i)i73: 


Outage  W 

Duration 

Description 

35 

514:18 

See  previous  page 

36 

Final  Situldown 

Fmol  Report 
Ap«il2004 
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Appendix  F:  Summary  of  Maintenance 
Invoices  by  Year 


Total  Cost  $2,221.55 


Maintenance  Summary 


Total  Coal  127.427.(0 


Maiolenance  Stinvnaiy 


Year  #3:  1997 
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Appendix  G;  Project  Meeting  Notes 


Lt^tceujiaio 


A  ’  OeaCH£/Wy  Dcc.  fs 


rii\  j  L I  a 


SL 

^r/?r  ~  S’ct  (^  ■<  s 

I^Tc(a.3  yC^rc 

SoC^£-  C/  S  Ftc.  CTij/iJiAucjiJ  ^f^ch.} 


(Also  X'^e  v/WrJ 

i>^Sc_ 


piCScL  fuCc.  C'c.  ti  o'^i^y  aTfKK.  yfu^^p  gy 

C^Ltnij^.A  ' /T  /S  ^Ats/t  c//> /Z/l.  yij/>,j/>^ 

{Cf''i<nt6e''<-/^  Cc^'iAAn^  i/l\~/  /t  i.  0>6i<it,) 

C.C>J7ll\,'ucJ^  ^r'oAdAj  •f'isAirjr^ 


J’foiftrAt-  UJ/7  S^f^Aei££)  72  (jc-  Oj^  CfA>t£  /f/L 

r  n^nc.  /Ka^uo  /T/fticn 

5  Cifi^ 

^S,ieNi  T\  rv^^iOv^  MCKiACL>  I 

Ni  Cuicd  tWip-  ^  Pcijrv]^  I  t  ^_r/^  ,7Al. 


" —  — 
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^h6^GeAJcy  GefUeiArzia.  //(5^  /aJ 


7 


^3 


/2ic~ 


Ots^ic.  -^6 


'ey  T^rrs  (SEM^ye^Ts^ 
7^  Se  /ye/  72^s7~, 


//^ S^/P  ^ST'  (^er^cy^y^yP  o-P  , 

Oo&  y/nT  /^(rC^ny-ey/Er  /y^/e.  (S/i^J  fX  ty ^  Ly.yU-<r / 

/~i/(-yi  ’•CyCyy  f  y'y/'j-Azy^-f-  (9  f^y.  c>^e^/y  ■^y^&y'yg:yy^^y/^‘^yy<^y^'y'), 

{^(Uuj  tyf>  d/\  /h/lCiko^"^  jhi^yU^  ^<ye.f  c/kit  h 

Q/JSZj  ^  aaa^^wTS  “. 


(  l)  M^tjo/l  Oin  /E  ^///eXAT/orJ  — p  f/Z/y/C 

C?  TneM/!/^  iMis^s) 


youA/6  —  th^  O/rxi  yi»'Jmxii/P6  ^a/^izs. 

~f~G>(y(  S^/c6y  Rate  -UJ/ty-oe  o^jiu,  SUrPO  V  nc , 

fjoj fillet/  jV^ 

^aJSIT^T  -Q.^  S^  //\/mIu/>/  - S-f  77^/ 

iui,[/C  OJo^IL-^  t/Joy^lJ  r£ 7 hyj  Oeyort)j^ 

apu.(^  /dc)^  'fo/  €.‘^e^y^cy  IxctL-ty,^  CJ'H\eb.\ 

(J'%  (&ekr‘{  ekuKiU  aatss  <^sy(Mt/h]  y 
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kcST^C 


■'.'1  ”3  • 

>,7).  ^  Ato^  fv\0»o 


J  C..Z. 


*piZ- 


Q<^ 

Pts»  ‘~  icrvj 

y.  t* 

7a<-.  <v'ft  ti-'. .  ut  IV.  c «^<'ti;  , 
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inc.t  fAC.  I  fiVcS's  i G. /tT'~/L 

fUe.'-tU  hA^i^cLcJ  r&J 

/-J^C 
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Wa 
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p/by'S  yid&  Ccs/c/^  fsjsutc^  fy 

Da.fda/1  -  (Ic'icc  Ck./l/}w/.  ^z<'-  yj'U.Z'.ri.c 


0/iAi^  I  ajC  /vcf  Oi  St(ctJj  C^(OOk/  Y^‘ 


/  t-^Cr , 

</6^-l  -  Pd'-'jy ^ 


C>*  ~  TX/-  ^ 


c*-<  ^  \ 


P>  f  —  /^d^/:^^y/iiro  (L/yt-^ , — 

- 

fie  J.  _  1 

—  yc<~'  Z  0^"^  )  //<:  '''' 

r^Z-  -  /uy^ 

I  .  i  '  CZ-  Z'LL>P //C  i'  C  /?  C  fC(  /'<P^ 

(  'i  (/  /?-r 

~Tl  /^STTii^  L^- ‘-'TTfJ.^r  /ufCi^c* /i/\. 

J^£c  C'eic  I.AUC  Py.rcf^f^  6/i/C  A7  y-VtO) 
d/^lLE-j/'  /J  Cf~' 0  /,ofc/'‘^/''^F7c^r- 
(PzC/C^T^fi  6caP)  '7cylM/.y/‘L-s  _ 

67^  y  yy^  d  72/.f 

fifL  Ofy  Qj'  P^f6 

3-z  pc.  / 

C~3 
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'  H^rj-cm  r  /A.  r  <  c- 


('.'  lA 

^4 


/  ^‘^c.(fc  //^ci.  A  y*^-' ^  /^<d  4 
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A'e/  ^'c:  ■^7 /^vT-j  4'^  '~^  /■<!-/.( 

774/'  -  /^  /P<z:c'//Pcs-  77^— Tz>i: 

'4j'7S//<^7/  ^’>^<l.  Jd^t'^cTcT  ~777>j ^ 


/ 

stv'^' 
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'T'A^Cd:.  4^  Ca />_  .^  ' 

7^'  //^  ^/U-^ 

/  ii./'/^  <2ci  *^  "/TC^ 

4/vY‘t^/  4  7  7vr  '  <rj  y/  7 
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ZA/.Jz^A  4.  A 
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cr  C^r.c,/SAI^  J 
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^<-C 
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Appendix  H;  Fuel  Cell  Photographs 
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